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Stat«— nt  of  Stttalaaion 

Tht  foULowiiig  progrtss  r«port  and  ranawal  proposal  • 
"Arctio  Hasoi  A  Chonioal,  Phyaiealf  Optloal  and  Motoorologioal 
Study*  is  horoby  aubmittod  to  tho  Offioo  of  Naral  Rosoareh* 

Aretlo  Program*  for  oonaidoratlon  aa  a  roaoaroh  grant,  Booauao 
of  tho  prasauro  of  tino  botwoon  tho  fiold  program  upon  which  tho 
progroaa  roport  la  baaod  (Aprll-May  1976)  and  tho  targot  data  for 
ronowal  (1  Oetobor  1976)*  tho  proposal  ia  being  aubmittod  without 
final  approval  or  rolatod  paperwork  from  tho  Univorsi'^  of  Alaska. 
In  ovary  other  roapoet*  including  soiontific  juatifieation  and 
plans  for  tho  work*  tho  proposal  is  eomploto.  Tho  basic  budget 
of  tho  University  of  Alaska  has  already  boon  approved  by  their 
business  office*  however*  tho  minor  changes  introduced  at  tho 
University  of  Rhode  Island  during  tho  final  preparation  of  this 
proposal  should  cause  no  difficulties  whatsoever.  All  neoessary 
documents  from  the  University  of  Alaska  will  be  forwarded  to  ONR 
as  soon  as  possible. 

This  proposal  is  net  being  submitted  to  any  other  agency 
for  financial  support. 


Til*  original  oi^t-nenth  pilot  study  of  Aretic  hast 
(poraiatont  diffuso  aorosol  bands  found  in  ths  Arotio  troposphsre) 
oTsr  Alaska  has  shown  eonelusivsly  that  aircraft  saapling  of  ths 
hast  aerosol  followed  by  oheaieal  analysis  of  ths  particles 
collected  is  a  powerful  tool  for  deducing  the  source  of  the  base. 

The  base  aerosol  of  April-May  1976  seeas  to  have  been  crustal  in 
ooaposition,  i.e.  natural  rather  than  anthrepegenic.  Very  rough 
trajectory  analysis  has  suggested  that  the  Asian  deserts  nay  have 
been  the  source  of  this  hase. 

We  propose  here  a  two-part  follow-up  study  which  will 
further  examine  the  characteristics  and  origin  of  Arctic  hase.  The 
first  of  these  parts,  a  one-year  ground-level  saapling  prograa  at 
Barrow  and  Fairbanks,  will  seek  to  determine  the  seasonal  frequency 
of  occurrence  of  the  Alaskan  hase  bands  by  following  the  eheaioal 
eoapositien  of  the  Alaskan  ground-level  aerosol.  Correlations 
between  its  eonposition  and  its  source  areas  will  be  sought  by 
tnjectory  analysis.  The  second  part  of  the  study  (April  1977)  ie 
a  follow-up  field  prograa  in  which  the  aerosol  bands  theaselves 
will  be  intensively  saapled  both  at  various  heights  and  as  a 
function  of  particle  sise.  As  before,  the  radiation  oharacteristios 
of  the  hase  aerosol  will  be  simultaneously  aonitored.  Use  of  a 
Super  DC-3  for  the  airborne  saapling  should  allow  aore  and  longer 
saaples  to  be  taken  at  a  greater  variety  of  altitudes  than  was 
possible  in  the  pilot  study.  The  aircraft  study  should  yield 
critieal  inforaatien  abouti  the  eoapositien  of  the  hase  next  year 
as  ooapared  to  this  year  (to  confirm  its  recurrent  crustal  nature). 


tlM  ▼•rtieal  profil*  of  ehOBieal  oo^peoition  throui^  tlio  hate 
loyoro  (which  aoy  not  bo  the  sano  for  largo  and  oaall  partiolos)» 
and  about  thoir  eonpooition  as  a  funetion  of  partielo  also  (to  soo 
whether  the  saallor-siiod  haao-produolng  ooaponont  haa  the  aaao 
aoureo  aa  the  largor-aiaod  bulk  aaaa  of  the  aoroaol).  In  additiont 
a  laboratory  inwoatigation  of  the  detailed  ehoaioal  oeapoaition 
of  varioua  aoila  aa  a  function  of  particle  8iB0»  with  particular 
attention  to  the  1-10  pa  fraction  of  warioua  aoila  (our  boat  guoas 
aa  to  the  true  proouraor  of  the  Alaakan  and  other  oruatal  aoroaols)* 
will  bo  begun.  The  ooapoaition  of  "oruatal"  aoroaol  (including 
Arctic  haio)  dooa  not  corroapond  to  that  of  any  known  oruatal 
aatoriali  a  atudy  of  oruatal  aatorial  by  partielo  aiao  nay  ahow 
why.  A  uaoful  by-preduot  of  this  inwoatigation  might  alao  bo 
apooifio  indicator  elononts  or  groupa  of  olononta  from  rarioua 
arid  rogiona  of  the  world. 
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I.  Proarf  ■  ROTarti  Fateumr  1076 

A.  Seimtifio  bMkground*  goals  of  tho  studar* 
and  so—ary  of  roeolts 

"Arotio  liaso*  is  a  gonsral  torn  for  turbid  layors  of 
air  whieh  aro  soon  rogularly  oror  tho  Aretie  Oeoan  north  of  Alaska 
during  all  poriods  whan  tho  woathor  thoro  is  oloar.  Arctic  haso 
was  first  notieod  by  woathor  offioors  who  flow  tho  "Ptamigan* 
woathor  nissions  owor  tho  Arctic  Ocoan  about  20  years  ago  (MitchoU, 
1956).  Bocauso  tho  cloarost  poriods  in  tho  Alaskan  Arctic  aro 
during  tho  spring*  nost  reports  aro  from  this  season.  Otherwise* 
its  seasonal  ooourronco  is  unknown.  Its  observation  so  far  has 
boon  entirely  visual.  It  is  found  as  broad  diffuse  Isyers  hundreds 
to  thousands  of  niles  in  horisontal  dimension  and  at  nearly  all 
levels  in  the  troposphere.  Although  it  is  invisible  from  the 
ground*  horisontal  visibility  through  a  base  layer  nay  be  restricted 
to  as  little  as  3-8  km.  Its  color  is  grey-blue  in  the  antisolar 
direction  and  reddish-brown  in  the  solar  direction.  It  has  none 
of  the  optical  effects  of  ice  crystals  such  as  sun  pillars*  halos* 
etc.*  vdiioh  would  seen  to  rule  out  thin  cirrostratus  clouds  as  the 
explanation.  Rather*  one  is  more  reminded  of  urban  base.  Indeed* 
the  color  effects  of  Arctic  base  suggest  that  its  particles  are 


1  )in  or  snaller  in  radius*  i.e,  true  atnospheric  aerosols.  Curi¬ 
ously*  the  base  has  seldon  been  reported  over  land*  e.g.  Greenland. 

Proa  1958  until  I972  Arctic  base  was  a  forgotten  pheno¬ 
menon.  Then  in  1972  radiation  measurements  conducted  by  the 
Geephysioal  Institute  of  the  University  of  Alaska  in  the  AIDJBX 
pilot  study  revealed  unexpectedly  high  turbidities  in  the  Arctic 
atmoephere*  irtkich  were  again  conflmed  during  the  AIDJBX  lead 
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•zp«riji«nt  in  197^  (Holngrtn  tt  al. »  197^).  For  thoso 
orer  tho  paok  loo  north  and  northwoat  of  Barrow,  Alaska*  it  tms 
found  that  nueh  of  tho  anonalous  turbidity  was  assoeiatod  with 
distinct  has#  layors  at  altitudos  of  only  a  few  kilonoters.  These 
layers  had  all  the  properties  of  the  prewiously  reported  Are tie 
hase  and  appeax^  to  be  the  saae  phenonenon. 

In  the  spring  of  1975*  Dr.  Glenn  2.  Shaw  of  the  Uniwersity 
of  Alaska  and  Dr.  Kenneth  A.  Rahn  of  the  Unirersity  of  Rhode  Island 
discussed  this  phenonenon  in  sone  detail  and  concluded  that  a 
conbination  of  radiation  and  cheaical  measurements  on  the  has-e 
aerosol  could  prove  to  be  a  very  powerful  tool  in  investigating 
its  origin  and  composition*  with  a  particular  eye  toward  whether 
it  was  anthropogenic  or  natural.  Joint  flights  into  the  base 
would  be  made*  where  its  position  would  be  delineated  hy  radiation 
measurements  and  then  sampled  by  a  >«eries  of  filters  and  analysed 
for  various  elements  at  the  University  of  Rhode  Island*  using 
neutron  activation  as  the  principal  analytical  tool. 

The  current  research  contract*  entitled  "Arctic  Hazet 
Natural  or  Pollution?"  (ONR  Contract  No.  NOOOl 4.76*^ -0435)#  is  the 
outgrowth  of  these  plans.  It  was  funded  in  February  1976  by  the 
Office  of  Naval  Research  to  the  University  of  Rhode  Island 
(Kenneth  A.  Rahn*  Principal  Investigator)  and  to  the  University  of 
Alaska  (Glenn  2.  Shaw*  Principal  Investigator)  for  a  period  of 
eight  months.  Its  purpose  was  twofoldi  (1)  to  study  some  of  the 
ohsmioal*  physical*  and  optical  properties  of  Arctic  base  over 
Alaska  by  performing  an  aircraft-based  pilot  study*  using  the 
resulting  information  to  attempt  to  deduce  its  source  or  source 
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'^ypo*  particularly  whether  it  was  natural  or  anthropogenic  i  aiKl 
(2)  to  attempt  to  learn  the  seasonal  frequency  of  haze  events  over 
Alaska  by  initiating  a  year-long  study  of  the  chemical  composition 
of  the  ground-level  aerosol  there »  and  by  comparing  this  information 
with  the  appropriate  meteorological  situation  to  gain  some  under¬ 
standing  of  the  source  areas  of  the  haze  aerosol  and  of  its  transport 
mechanisms  into  the  Alaskan  Arctic  Basin. 

This  project  has  proceeded  as  planned.  A  five-week 
aircraft  sampling  program  was  conducted  over  the  North  Slope  of 
Alaska,  using  the  Naval  Arctic  Research  Laboratory  (NARL)  as  base. 
This  program  included  condensation  nucleus  counts,  radiation 
measurements,  and  samples  for  chemical  and  physical  analysis  in 
the  laboratory.  It  seems  to  have  been  highly  successful  and  will 
be  discussed  in  detail  below.  At  the  time  of  this  writing,  the 
equipment  for  the  ground  study  is  being  assembled,  and  the  study 
Itself  will  begin  during  September  1976. 

The  following  is  a  brief  summary  of  the  more  important 
results  of  the  study  so  far.  They  will  be  discussed  in  detail 
in  Section  IE. 

(1)  Layers  of  Arctic  haze  were  definitely  seen  over  Barrow 
in  April  and  May  1976.  Their  clarity  and  intensity  varied  from 
day  to  day,  but  there  was  little  doubt  that  the  same  phenomenon 
was  being  observed  as  had  been  reported  earlier  (Mitchell,  1956| 
Holmgren  et  al.,  197^}.  The  layers  were  seen  at  the  same  altitudes 
as  before  and  had  the  same  overall  appearance  as  in  previous  years. 

(2)  A  single,  long- period  haze  event  was  observed  over  Barrow. 
During  the  month-long  sampling  period  the  concentrations  of  several 
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Indicator  alamants  in  the  aerosol  (Al»  Mn*  etc.)  Increased 
smoothly  by  more  than  an  order  of  magnitude*  then  dropped  off 
suddenly  at  the  end  of  the  period.  Rather  than  varying  greatly 
from  day  to  day*  there  was  a  cycle  time  of  about  three  weeks  for 
the  haze  event  to  run  Its  course. 

(3)  The  layers  were  equally  detectable  by  condensation-nucleus 
counts  (number  of  particles  per  cc  of  air)  or  by  optical  teehnlauee 
(changes  in  solar  intensity  through  the  layer).  There  was  a 
general  correspondence  between  concentrations  of  individual  elements 
in  the  haze  layer  and  its  intensity  as  measured  by  particle  counts 
or  turbidity*  but  at  least  in  one  instance  this  correlation  failed 
completely. 

(4)  The  haze  bands  were  definitely  fo\md  over  the  continent. 
This  finding  is  something  of  a  departure  from  the  earlier  informa¬ 
tion  (Mitchell*  1956)*  which  suggested  that  the  bands  were  found 
only  over  the  ice.  On  one  occasion  the  haze  bands  were  traced  by 
aircraft  all  the  way  to  the  Brooks  Range*  and  may  well  have 
extended  from  the  other  side*  because  at  the  time  the  winds  aloft 
were  southerly. 

(5)  The  haze  layers  showed  a  general  association  with  southerly 
winds  aloft,  especially  for  the  periods  just  before  the  haze  events. 
Haze  layers  also  appeared  to  be  associated  with  dry  air  masses*  the 
lower  boundary  of  which  decreased  in  height  with  time  during  the 
period  of  the  haze  event. 

(6)  The  oomposition  of  the  haze  layers  was  crustal  (i.e. 
probably  natural)*  rather  than  anthropogenic.  This  conclusion  is 
based  on  V/Al  and  Mn/Al  ratios  as  determined  by  neutron  activation 
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analyslSt  and  will  be  checked  later  by  atomic  absorption  analysis 
for  Pb  in  the  same  samples.  The  V/Al  ratio  is  a  very  sensitive 


indicator  of  pollution  contributions  to  the  aerosol.  Regions 
where  fuel  oil  which  is  high  in  V  is  burned  always  show  a  V/Al 
ratio  which  is  from  5  to  500  times  the  crustal  value,  whereas 
the  natural  aerosol  appears  to  have  V/Al  ratios  very  close  to  the 
crustal  value.  The  V/Al  ratio  of  Arctic  haze  was  right  on  the 
crustal  value,  which  unambiguously  eliminated  both  the  northeastern 
United  States  and  Europe,  which  have  much  higher  V/Al  ratios,  as 
sources  of  the  haze  aerosol.  Based  on  the  very  limited  meteoro¬ 
logical  maps  which  we  have  been  able  to  get  so  far,  the  air  flow 
preceding  the  best  haze  period  seemed  to  have  come  from  the 
southwest  aloft,  i.e.  the  Asian  mainland.  We  are  therefore 
considering  the  Asian  deserts  as  potential  source  areas. 

(7)  The  concentration  of  the  crustal  aerosol  in  the  haze 
layers  is  quite  high  for  this  region,  roughly  4  yig  m“^.  By 
contrast,  background  levels  over  Alaska  may  be  25  times  lower. 
Sahara  dust  plumes,  monitored  far  from  their  source,  on  the  other 
hand,  have  a  concentration  which  is  an  order  of  magnitude  higher. 

B.  Field  sampling  techniques 

1.  Aircraft  sampling 

One  of  the  four  Cessna  180's  of  NARL  was  dedicated  to 
this  work  during  April  and  early  May  1976.  Figure  1  shows  an 
outside  view  of  the  sampling  assembly.  The  right-hand  door  was 
removed  and  replaced  by  one  owned  by  the  University  of  Alaska, 
which  was  specially  modified  for  this  experiment,  as  shown  in 
Figure  1.  The  window  was  removed  and  replaced  by  a  two-part 
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Flgure  1.  Exterior  view  of  the  sampling  assembl; 


asarably*  th«  front  half  of  which  was  a  eltar  plastic  portion 
of  an  old  DC-3  window,  and  the  rear  half  of  which  was  an  asseably 
of  two  PYC  plates  sandwiched  over  the  window  fraaes,  which  held 
the  plastic  window  in  place  and  provided  exit  ports  for  the  three 
saapllng  probes.  The  upperaost  and  larger  probe  was  for  an  acid- 
washed  11-ca  diameter  Whatman  41  cellulose  high-volume  filteri  the 
lower,  smaller  prober  led  to  47-mm  diameter  Nuclepore  and  Millipore 
filters.  The  Whatman  filter  collected  base  particles  for  cheaioal 
analysis,  the  Nuclepore  filter  collected  particles  for  Scanning 
Electrcn  Microscopy,  and  the  Millipore  filter  collected  particles 
for  ice-nucleus  counts.  All  filters  were  mounted  inside  the  air¬ 
craft.  Each  probe  was  made  isokinetic,  so  that  the  sampling  process 
would  not  discriminate  against  any  particxilar  size  of  the  haze 
particles.  This  was  accomplished  by  adjusting  the  diameters  of 
the  Intake  orifices  in  the  cone-shaped  nozzles  at  the  front  of  the 
probes.  Sizes  of  the  orifices  depended  on  the  linear  velocity 
through  the  filters,  which  was  different  for  all  three  filters. 

Holes  of  approximately  the  right  diameters  were  drilled  at  the 
University  of  Rhode  Island,  where  the  apparatus  was  constructed, 
then  were  modified  at  NARL  based  on  exact  measurements  of  the 
performance  of  each  system  during  a  test  flight  there.  The  air 
velocity  used  to  adjust  the  intake  diameter  was  determined  from 
a  pitot  tube  inserted  between  the  two  lower  air  probes,  as  shown 
in  Figure  1.  The  aircraft  airspeed  and  altitude  were  adjusted  to 
sampling  conditions  during  these  tests,  so  that  air  velocities 
into  the  probes  oame  within  159(  of  the  subsequent  values  during 
saapllng  flights. 
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Insld*  the  aircraft  (Figure  2)  the  filters  were  Mounted  in 
holders  which  could  be  quickly  attached  to  or  removed  frem  the  ends 
of  the  PVC  probe  tubes.  Flexible  tubing  connected  each  filter 
holder  to  its  pump.  Manometers  and  flow  meters  monitored  flow  rates 
through  the  filters.  An  inverter  and  lead-acid  batteries  powered 
the  Hurricane  high- volume  pump.  The  two  smaller  pumps  for  the 
Nuclepore  and  Millipore  filters  were  powered  directly  from  the 
aircraft *s  electrical  and  vacuum  systems.  Pump  exhaust  was  fed  out 
of  the  doori  this  also  provided  an  extra  vacuiun  which  increased  the 
flow  rate  through  the  Whatman  filter,  a  very  important  consideration 
in  aircraft  sampling  where  sample  volumes  tend  to  be  very  small. 

Contamination  of  the  aircraft  samples  was  considered  to 
be  a  very  serious  potential  problem,  and  strict  measures  were 
taken  to  avoid  it.  There  were  in  general  two  possible  sources  of 
cont^.2.j7iationi  engine  exhaust  being  entrained  into  the  probe 
outside,  and  cabin  air  reaching  the  filters  inside.  To  eliminate 
leakage  from  the  engine  to  the  outside,  all  cowling  and  forward 
cabin  joints  were  sealed  with  the  blue  tapes  which  can  be  seen  in 
Figure  1.  An  independent  test  of  nucleus  counts  at  various 
distances  along  the  strut  confirmed  that  no  engine  exhaust  was 
reaching  the  filters.  Inside  contamination  was  minimised  by  keeping 
the  filters  off  the  system  and  sealed  until  the  altitude  of  the 
haze  layer  had  been  determined  for  that  flight  and  sampling  was 
ready  to  bsgint  they  were  then  quickly  opened  and  immediately 
attached  to  the  probes.  At  the  conclusion  of  sampling  the  process 
was  reversed.  Loading  of  Whatman  and  Nuclepore  filters  into  and 
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out  of  thoir  hoXdora  for  saapling  was  always  dons  on  the  ground  in 
a  laboratory.  Because  of  the  saall  volumes  used  for  the  Nillipore 
filters*  they  had  to  be  changed  In  flight. 

There  was  no  evidence  of  oontaaination  in  any  of  the 
samples.  On  the  initial  flights*  before  the  base  layers  intruded 
over  Barrow*  the  measured  elemental  concentrations  were  extremely 
low  -  some  of  the  lowest  that  have  ever  been  measured  in  the 
Northern  Hemisphere.  We  interpret  this  as  confirmation  of  lack 
of  contamination.  There  is  still  a  more  sensitive  test  for  con¬ 
tamination  by  cabin  air.  A  sample  of  cabin  air  showed  it  heavily 
loaded  with  Cu*  probably  from  the  high-volume  pump.  None  of  the 
filter  samples  showed  measurable  Cu  -  thus*  there  was  no  contamina¬ 
tion  from  cabin  air. 

Condensation-nucleus  counts*  which  were  used  to  determine 
the  height  of  the  base  layer  for  each  day's  sampling*  were  taken 
by  drawing  air  in  through  a  small  plastic  tube  which  extended  out 
through  the  window  and  terminated  between  the  intake  nossles  of 
the  Nuclepore  and  Millipore  filters.  This  final  arrangement  is 
not  visible  in  Figure  1. 

The  above  description  applies  only  to  the  samples  taken 
for  analysis  at  the  University  of  Rhode  Island.  The  radiation 
measurements  taken  by  the  University  of  Alaska  were  considerably 
simpler  and  required  only  a  hand-held  sun  photometer.  This  device 
was  pointed  directly  at  the  sun's  disk  through  a  2-inch  hole  cut 
into  the  clear  plastic  part  of  the  window  of  the  modified  Cessna 
door.  This  hole  is  not  shown  in  Figures  1  or  2.  When  the  sun 
photometer  was  not  in  use  the  hole  was  taped  over  so  that  no  cabin 
air  could  escape  outside. 


Th«  ground-lerttl  suiplin^  phas*  of  this  contract  will 
begin  in  Soptoabor  1976.  It  is  foroaoon  as  follows i  The  station 
will  consist  of  a  spsoially-dssignsd  wooden  shelter  containing  a 
standard  8  x  lO-inoh  filter  holder,  a  47.nB  filter  holder,  and  two 
Infrared  heat  leaps.  The  8  x  10- inch  filter  holder  will  oontain  an 
acid-washed  ultra-pure  Whataan  41  cellulose  filter  through  which 
large  voluaes  of  air  will  be  drawn  by  a  high-roluae  yaouua  puiq>. 

The  47-na  filter  holder  will  oontain  a  glass-fiber  filter  through 
which  lower  air  volumes  will  pass.  The  cellulose  filter  will  be 
analysed  for  35->45  eleaents  by  neutron  activation  and  atonic 
absorption  analysis,  possibly  also  for  sulfate,  nitrate,  anaoniua, 
and  phosphate  ions  by  colorimetric  techniques.  The  large  volumes 
of  air  sampled  by  these  filters  should  allow  very  accurate  analyses 
for  large  numbers  of  constituents  of  the  aerosol.  The  glass-fiber 
filter  will  be  weighed  to  determine  total  suspended  particulate, 
a  very  siaple  quantity  to  measure  but  one  which  has  curiously  been 
absent  from  many  remote-area  experiments.  Knowledge  of  the  total 
concentration  of  aerosol  will  allow  us  to  see  what  fraction  of  its 
mass  we  are  accounting  for  with  our  various  analyses,  and  in 
particular  to  check  whether  any  major  components  are  missing.  The 
glass-fiber  filter  will  also  be  analysed  for  total  carbon,  either 
by  one  of  us  at  U.R.I.  or  by  Dr.  Sva  Hoffnan  of  U.R.I.'s  Graduate 
Sohool  of  Oceanography.  This  should  be  a  very  important  analysis 
because  the  sooty  forms  of  oarbon  aay  be  very  important  In  deter- 
aining  the  effects  of  the  aerosol  on  the  radiation  balance  of  the 
Are tie.  The  combined  information  from  the  two  filters  should  give 
us  an  excellent  chemical  characterisation  of  the  ground-level  aerosol. 


Th«  addition  of  tho  glaos-fibor  filtor  to  our  ground-lovol 
aaapling  oehoao  is  a  aodifioation  to  our  original  plan*  whioh  «aa 
siaply  to  havo  tho  whatoan  alone.  We  feel  that  the  extra  inforaatio 
gained  in  thie  way  will  be  wore  than  worth  the  alight  extra  effort 
involwed. 

The  purpose  of  the  heat  laaps  is  to  eliainate  buildi9  of 
ice  oh  the  filter  during  saapling.  This  ioe  can  seriously  disturb 
the  collection  and  analysis  of  the  filters.  Our  idea  is  to  shine 
the  heat  lamps  continually  on  the  filters  during  saapling#  thus 
raising  the  surface  temperatures  enough  to  sublime  any  fine  snow 
crystals  which  reach  the  filter  and  at  the  same  time  to  lower  the 
relative  humidity  enough  that  ice  cannot  form.  Experiments  in  our 
laboratory  at  U.R.I.  have  shown  that  a  single  heat  lai^  can  raise 
the  temperature  of  a  filter  by  30-35^C#  which  should  warm  the 
filters  enough  to  keep  then  clear  of  ioe  and  snow  but  keep  then 
cool  enough  to  retain  all  volatile  constituents  of  the  aerosol# 
such  as  Hg#  As#  Se#  etc.#  whioh  are  among  the  most  interesting 
elements  that  can  be  studied  in  the  base  layers.  It  must  be 
stressed#  however#  that  the  heat  lamp  technique  is  new  and  has  net 
yet  been  field-tested. 

The  two  pu^ps  will  be  housed  in  an  insulated  box  to 
protect  then  from  the  weather  and  keep  them  wara.  While  the  pumps 
are  running  they  will  probably  give  off  enough  heat  to  keep  them¬ 
selves  adequately  warn#  but  during  the  periods  when  the  wind  is 
out  of  the  saapling  sector  they  will  be  stopped  and  need  some 
external  seuroe  of  heat,  we  will#  therefore#  place  two  heat  lai^s 
in  the  pump  box#  to  operate  only  when  the  pumps  are  off.  This 
should  allow  easy  startup  when  the  wind  shifts  into  the  clean  sector 


SoM  sort  of  wind  oontroX  oTsr  ths  saapling  aay  bo 
nseoassry  to  proTsnt  local  pollution  aorosol  from  oontaninating 
tbs  sasplss.  Wo  will  bs  using  an  slsetronic  wind  spssd  and 
directional  control  system  developed  at  U.R.I.  for  this  purpose. 

It  uses  an  aneaoneter  and  wind  vane  to  feed  it  electronic  signals 
about  wind  speed  and  direotion*  respectively.  The  puaps  will 
only  run  when  the  wind  cones  froa  a  preset  clean  sector  and  when 
the  wind  velooi’^  is  above  some  preset  ainiaua  velooi^.  In  this 
way  we  hope  to  keep  the  samples  ooapletely  free  of  local  influence • 
including  that  of  our  own  puaps.  Heat  lamps  will  probably  have 
to  be  used  on  the  aneaoaeter  as  well  to  keep  it  froa  freesing  up 
in  the  winter. 

Our  original  plan  was  to  have  the  saiqples  changed  roui^ily 
weekly,  depending  on  the  local  weather  conditions  and  overall 
synoptic  situation.  Now  that  we  think  the  base  bands  are  ooaing 
frea  Asia,  we  would  like  to  install  a  facsimile  machine  at  U.R.I. 
to  keep  constant  track  of  the  airflow  over  Alaska  and  the  Pacific 
Ocean,  so  that  changing  of  the  filters  can  be  controlled  froa 
U.R.I.  (see  Proposal  Section).  By  starting  a  saaple  just  when 
we  think  a  base  layer  should  reach  Alaska  and  stopping  it  just 
when  we  think  the  air  should  be  clearing  there,  we  should  be  able 
to  maximise  our  chances  of  detecting  this  aerosol  at  ground  level. 

C.  Analytical  techniques 

At  the  tine  of  this  writing,  the  only  chemioal  analysis 
which  we  have  been  able  to  perform  on  the  filter  samples  froa  the 
base  layers  is  neutron  activation  of  short-lived  elements.  For 
this  we  have  made  a  special  modification  of  our  previous  schemes. 
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In  th«  original  proposal  it  was  notsd  that  (1)  booauss  of  tho 
oxpeotod  snail  si so  of  tho  aircraft  filter  samples  neutron  aetiya- 
tion  of  short-lived  elements  v^uld  probably  yield  better  data  than 
that  of  longer-lived  elements  because  of  the  more  rapid  decay  of 
the  short-lived  elements i  (2)  fortunately •  the  two  most  interesting 
elements  determined  by  neutron  activation  are  just  those  with  the 
shortest  half  lives,  namely  V  (3.75  nin)  and  A1  (2.24  nin)t  and 
(3)  nevertheless,  all  elements  are  potentially  interesting  and  no 
determinable  element  should  be  neglected.  We  have  followed  these 
precepts  in  developing  an  analytical  scheme  for  the  short-lived 
elements  which  (1)  maximizes  the  accuracy  of  determination  of  V 
and  A1  by  beginning  the  first  count  two  minutes  after  irradiation 
instead  of  the  more  normal  3-6  minutes  after  irradiation,  and 
(2)  takes  two  counts  after  irradiation  instead  of  the  more  normal 
one  count,  thereby  better  detecting  those  elements  with  somewhat 
longer  half-lives.  Oxir  final  scheme  is  shown  in  Figure  3i  it  has 
worked  extremely  well.  Further  details  of  the  analysis  will  be 
supplied  in  the  final  report. 

Because  we  found  larger  elemental  concentrations  in  the 
haze  layers  than  expected,  we  have  decided  to  go  ahead  with  the 
long  irradiations  of  the  samples  and  are  anticipating  good  results. 

We  will  take  one-fourth  of  each  filter  for  atomic  absorp¬ 
tion  analysis  of  Pb  and  Cd,  which  we  hope  to  complete  by  30  September 
1976. 


PiguM  3.  Irradiation  and  co\mting  aohaaa  for  ahort-lirod 
nuolldoa  in  haso  layor  a 


▲11.  irradiations  and  countings  at  ths  Rhods  Island  Nuolsar 
Soisnoo  Cantor •  Narragansstt,  Rhods  Island 
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D.  Aircraft  gaaplimt  program  of  April-May  1976 

Tho  aircraft.8aapling  phaso  of  this  projsot  was  sueosssfully 
carried  out  in  April  and  May  of  1976  at  NARL*  Barrowt  Alaska.  This 
period  of  the  year  was  chosen  because  it  offers  the  highest  pro. 
bability  of  clear  weather  at  Barrowi  this  was  also  the  period  when 
base  layers  had  been  seen  in  1972  and  1974.  Mr.  Randy  Borys  of 
U.R.I.  had  overall  responsibility  for  this  field  prograai  he  was 
joined  during  part  of  the  time  by  Miss  Sue  Ann  Boling  and 
Dr.  Glenn  Shaw  of  the  University  of  Alaska. 

One  of  MARL'S  foxar  Cessna  ISO's  was  dedicated  to  this 
project.  During  the  period  12  April  to  10  May  1976,  fourteen 
sampling  flights  and  one  test  flight  were  made»  for  a  total  of 
65  hours  in  the  air.  Collection  altitudes  of  the  base  samples 
ranged  from  4,000  to  11,000  feet,  with  an  average  altitude  of  7t000 
feet.  There  were  nine  high.volume  cellulose  samples  collected, 
with  volumes  of  90  to  310  m^,  nine  SSM  samples  with  volumes  of 
6  to  20  a*^,  and  55  ice.nucleus  samples  with  volumes  of  1  m  .  The 
individual  flights  and  some  comments  about  each  are  listed  in 
Table  1.  On  fo\ar  of  these  flights  optical  measurements  were  also 
madet  these  flights  are  indicated  in  Table  1.  (Our  initial  concern 
of  very  low  aerosol  concentrations  and  relatively  short  sampling 
flights  prompted  us  to  sample  two  consecutive  flights  on  a  single 
W4l  high.volune  filter  and  a  single  Nuclepore  filter.  This  was 
only  done  when  meteorological  conditions  Indicated  that  there  was 
no  great  change  in  the  air  mass  over  Barrow.  Therefore,  some 
samples  are  labelled  with  two  consecutive  flight  letters,  e.g. 

Sample  AB.) 


TABI£  1 

Tht  Individual  Plights 


Pat* 

Local 

Tiao 

Sample 

▲Itltudo 

(»■) 

Photoaoter 

Remarks 

V12/76 

1317-17^ 

11,000 

No 

Low  clouds,  fog, 
light  snow  at 
surface.  No 
visible  hate. 

Clear  conditions. 

V13/76 

1005-1435 

11,000 

No 

Fog  at  surface, 

4000*  overcast. 
18,000*  thin 
cirrus  overcast. 

Good  visibility 
at  sample  altitude. 

No  visible  hate. 

V1V76 

0930-1425 

6,500 

No 

Atmosphere 
appeared  layered, 
however,  good 
visibility  with 
scattered  clouds 
at  3000*. 

V15/76 

0945-1430 

4,000 

No 

CN  counter  failed. 
Used  visual  obser¬ 
vations  to  choose 
altitude.  Definite 
banding  seen  in 
atmosphere,  chose 
most  defined  layer 
for  sampling. 

V17/76 

1058-1510 

7.000 

Yes 

First  flight  with 
photometer  measure¬ 
ments.  Correlation 
between  photometer 
and  CN  measurements 
appears  good,  A 
dark  band  was 
visible  at  sa^[>le 
altitude. 

V19/76 

1035-1500 

7.000 

Yes 

No  distinct  visible 
banding,  CN  and 
photometer  gave  no 
indication  of  sig¬ 
nificant  changes  in 
aerosol  concentration 
with  height. 

CiBLE  1  (ContinMd 


Sanpl* 

Loom!  Altitude 

Date  Tine  (ft. )  Photoaeter 
4/21/76  0955-1335  9.700  No 


4/22/76  1330-1430 


4/28/76  1415-1820  6,000 


4/29/76  1050-1450  7,700 


4/30/76  1105-1600  6,800 


5/1/76  1030-1300  6,600 


5/3/76  1110-1430  8,300- 

1520-1605  9.300 


Ataosphere  waraing 
aloft.  Generally 
southerly  flow. 

Banding  visible. 

Flight  was  terainated 
due  to  deteriorating 
weather  one  hour 
after  take-off. 

High  ON  concentrations 
and  deep  layer  of 
elevated  ON  concentra¬ 
tion.  First  tiae  a 
color  has  appeared  in 
haze  band  (light 
yellow) . 

High  CN  concentrations 
and  overall  hazy  con¬ 
ditions.  No  definite 
dark  hiding.  Some 
layering  apparent. 

A  band  was  visible 
but  not  as  distinct 
as  J  flight.  CN 
concentrations  showed 
a  distinct  layer. 

Very  definite  visible 
haze  layer,  reddish 
in  color,  generally 
seen  froa  Brooks 
Range  to  Barrow,  Most 
distinct  banding  seen, 

A  well-aixed  ataos- 
phere.  No  distinct 
banding.  Photoaeter 
showed  no  measurable 
layering.  CN  concen¬ 
trations  Indioated 
slight  increase  at 
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Sanple 

Local  Altitudo 

Plight  Dato  Ti—  (ft. )  Photoaatar  Raaarka 


M  5/5/76  1155.1530  6,000  Yaa  Saaple  ropraaanta  a 

daop  layor  6000* 
thick.  Moat  aaaqillng 
raprcaantatlTc  of 
6000*.  Mttlti.waya. 
length  photoaator 
data  waa  coUaotad. 

No  visible  base,  very 
clear  conditlona,  low 
CN  concentrations. 


2 
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During  a  typical  flight  a  particle  cc\mt  was  made  every 
30  seconds  or  so  as  the  aircraft  climbed  from  the  ground  to  about 
lOfOOO  feet.  Its  nominal  ceiling.  Prom  this  record  It  was  deduced 
whether  there  was  a  haze  layer  that  day  and  what  Its  altitude  was. 

If  there  uras  a  layer  and  the  particle  coxmts  agreed  with  visual 
observations  as  to  Its  height,  the  sample  was  taken  at  this  altitude 
for  as  long  as  the  aircraft  could  remain  aloft,  usually  about  Jk  to 
4  hours  more.  If  the  fllj^t  had  radiation  measurements  too,  these 
were  compared  with  the  particle  counts  before  the  collection  altitude 
was  chosen.  In  general,  the  agreement  between  the  two  types  of  data 
was  very  good.  When  there  was  no  detectable  haze  layer,  the  eaaple 
was  taken  at  the  altitude  of  greatest  particle  concentration. 

£.  Results  and  conclusions 

Distinct  Arctic  haze  Isyers  were  observed  during  April 
and  May,  with  characteristics  identical  to  those  reported  by  previous 
observers.  These  layers  could  be  easily  seen  and  photographed,  as 
documented  by  Figure  4,  which  shows  solar  horizons  during  typical 
non-haze  and  haze  conditions.  In  the  lower  photo  of  this  figure, 
the  haze  band  Is  clearly  visible,  with  its  brownish  color  and  diffuse 
outlines . 

Because  this  report  had  to  be  prei>ared  so  soon  after  the 
fact,  it  was  not  possible  to  Include  all  the  data  generated  to  date. 
Rather,  we  have  chosen  to  present  only  a  selection  of  the  results, 
which  should  be  sufficient  to  Illustrate  the  type  of  data  obtained 
and  support  the  conclusions  drawn  so  far.  For  example,  consider 
Figure  5$  which  shows  profiles  of  particle  count,  tei^erature,  dew¬ 
point,  and  wind  velocity  for  four  consecutive  flights.  Temperature, 
dewpoint  and  wind  velocity  were  obtained  from  soundings  taken  at  the 


•FLIGHT  4/29/76  BARROW,  AK  K-FLI6HT  4/ 30/76  BARROW.  AK 
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U,  S.  Weather  Service  Office  in  Barrow  at  1400  local  time.  These 
observations  always  fell  within  the  period  of  each  sample  flight. 

This  particular  series  was  chosen  because  it  illustrates  the 
association  of  the  base  layer  with  a  particular  type  of  air  mass, 
the  development  of  the  layer  with  time*  and  ultimately  its 
disappearance . 

In  flight  J,  29  April  1976,  a  well-defined  base  layer  was 
seen  between  6500  and  8500  ft  elevation.  There  was  also  some 
evidence  of  another •  possibly  stronger  layer  above  10,000  feet, 
where  the  highest  particle  counts  were  observed.  Unfortxuiately, 
it  was  not  possible  to  follow  this  layer  any  higher  because  of  the 
ceiling  of  the  aircraft.  Winds  aloft  were  southwesterly.  The 
following  day,  flight  K  revealed  that  the  haze  layer  was  somewhat 
lower  and  broader,  but  with  approximately  the  same  nucleus  count  of 
nearly  400  particles  per  cc.  Note  that  the  lower  boundary  of  a 
layer  of  dry  air  aloft,  which  could  be  seen  above  10,000  feet  in 
flight  J,  was  also  descending.  Winds  aloft  were  westerly  to  south¬ 
westerly.  By  flight  L  the  next  day,  both  the  entire  dry  layer  and 
the  haze  layer  had  descended  still  further  and  intensified.  The 
haze  layer  had  a  much  sharper  peak  than  before,  between  500  and  600 
particles  per  oc.  Winds  aloft  were  then  easterly.  By  flight  M  two 
days  later,  the  haze  layer  had  completely  disappeared,  and  the  dry 
air  mass  was  still  lower.  Winds  aloft  were  easterly  to  southeasterly. 
Plight  M  was  the  only  one  of  this  series  that  was  acoompanied  by 
radiation  measurements,  and  these  confirmed  the  absence  of  a  haze 
layer. 

Prom  this  series  we  may  note  that  the  haze  layers  apparently 
do  not  oome  and  go  on  a  day-to-day  basis t  rather,  onoe  they  have 
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ptiMtratfd  tlM  Alaskan  Arc tie  Basin  thsy  sssa  to  bs  quits  stabls* 
SYsn  undsr  shifts  of  wind  diroetion.  Psrhaps  this  follows  from 
thoir  largo  horisontal  diasnsion*  eononly  roportod  at  hundrods  to 
thousands  of  aiilss.  A  cloud  of  sueh  diasnsions  can  blow  ons  way 
and  than  tho  next  for  soas  tias  and  still  rsaain  owsrhsad.  After 
soao  days  though,  a  ehangod  eiroulation  oan  rsaovs  tho  hass  froa  tho 
area  and  elsan  oonditions  arc  ones  again  attained. 

We  nay  also  note  that  the  base  seens  to  be  associated  with 
winds  froa  a  broad  southerly  seetor.  Temporary  easterly  or  westerly 
winds  seen  not  to  affect  the  base  bands  greatly.  Northerly  winds, 
howewer.  rarely  or  newer  bring  base.  Light  winds  seen  to  fawor  the 
aaintenanoe  of  the  layer's  integrity  and  high  winds  seen  to  break 
it  up.  as  for  exaaple  on  flight  M. 

Selected  eleaental  concentrations  and  aerosol-crust 
enrlchnent  factors  are  shown  in  Table  2  for  the  nine  hiid^-woluae 
filter  saaples.  Seweral  obserwations  can  be  aade  froa  this  table. 
First,  note  the  extrene  warlation  in  A1  concentrations,  froa  a  low 
of  10  ng  a*^  in  flight  AB.  one  of  the  lowest  concentrations  ever 
aeasured  in  the  Northern  Henisphere.  to  a  hi^  of  240  ng  mT^  in 
flights  IJ  and  M.  a  value  which  we  consider  to  be  unusually  high 
for  this  region,  especially  aloft.  All  oonoentrations  of  this  table 
are  expressed  for  voluass  of  air  as  nsasured  alefti  for  correction 
to  ground.level.  one  aust  divide  voluaes  ^1.30  (for  average 
altitude  of  oollection  of  7000  ft.)  or  aultiply  concentrations  by 
1.30.  This  aakes  the  aaxiaua  A1  concentration  310  ng  n~^.  a  typical 
value  for  ground  aerosols  of  aid.latltuds  rural  areas.  It  is 
definitely  above  the  suaaer  A1  oonoentration  of  66  ng  a*^  aeasured 
in  the  reaote  Northwest  Territories  of  Canada  (Rahn.  1971). 
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Sl«Mnt«l  Cono«ntration8  and  BnriehMnt  Factors 
for  Aircra^  Filter  Saaplsa 


Saapls 

AB 

Sample 

CD 

Sample 

S 

Saapls 

F 

Saiiq;>ls 

G 

Conosntrationt 

ng  (aabisnt) 

A1 

lO.oto.9 

17. Oil. 0 

3512 

3412 

91I5 

V 

0.035t0,006 

0.l48t0.010 

0.12610.012 

0.09410.010 

0.22l0.02 

Mn 

0.146^0.012 

0.3610.02 

O.59I0.04 

0.5810.03 

I.55IO.O8 

Na 

12ll0 

32111 

<  30 

21I16 

47127 

Ba 

0.8t0.3 

0.8l0,4 

<  1.5 

<  1 

3.3II.2 

Saapls 

IJ 

Saaqpls 

KL 

Saiqpls 

M 

Saapls 

N 

A1 

240ll0 

Concentration,  ng 

203110 

-3 

m  (ambient) 

240110 

14.711.7 

V 

o,4olo.03 

0.3710.02 

0.40l0.04 

O.OI92I0.OIOO 

Kn 

3.010.2 

3.110.2 

3.410.2 

0. 2110.02 

Na 

58ll5 

37111 

37I3O 

<  20 

Ba 

4.1I0.4 

3.910.4 

3.8II.O 

<1 

1 

Sagle 

Sa^le 

Saaple 

B 

Saaple 

P 

Saaple 

G 

Snriehaent  factor  (Al,  rook) 

A1 

1.0 

1.0 

1.0 

1.0 

1.0 

V 

2.1 

5.2 

2.2 

1.66 

1.46 

Mn 

1.25 

1.81 

1.44 

1.46 

1.46 

Na 

3.4 

5.4 

<  2.5 

1.77 

1.48 

Ba 

16 

9 

<  8 

<6 

6.9 

VqluM, 

249 

341 

149 

176 

110 

Altitude 

(ft.) 

11,000 

6,500 

4,000 

7,000 

7,000 

9,700 

Sample 

IJ 

Sample 

KL 

Sample 

M 

Sample 

N 

Snrlchment  factor  (Al, 

rock) 

Al 

1.0 

1.0 

1.0 

1.0 

V 

1.00 

1.10 

1.00 

0.79 

Mn 

1.07 

1.31 

1.21 

1.22 

Na 

0.69 

0.52 

0.44 

<  4 

Ba 

3.3 

3.7 

3.0 

<13 

V^luae, 

309 

365 

88.7 

108 

Altitude 

(ft.) 


6,000 

7.700 


6,800 

6,600 


8,300 

9,300 


6,000 
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On«  may  also  nota  that  tha  A1  eonoantrationa  (and  thoaa 
of  tha  othar  alamanta  aa  wall)  do  not  vary  randomly  from  iaqr  to 
dayi  rathart  the  changaa  are  quite  ragulart  gradual,  and  aaam  to 
paaa  through  a  wall-dafinad  cycle  of  roughly  waeka  in  length. 

In  tha  aamplaa  reported  hare,  which  only  rapraaant  one  cycle  and 
80  cannot  a  priori  be  conaidarad  typical  until  more  evidence  ia  in, 
the  lowaat  A1  conoentrationa  of  10  ng  m~^  are  found  in  sample  AB. 
They  than  Inoreaaa  nearly  monotonically  to  17  in  CD,  35  in  E  and 
F,  91  in  G,  and  finally  reaching  a  high  of  200-240  in  IJ,  KL,  and 
M.  Than  follows  a  sudden  drop  back  down  to  15  ng  m'^  in  N,  which 
is  near  tha  values  for  AB.  Tha  cycle  is  then  presumably  ready  to 
start  again.  Prom  AB  to  N  is  a  period  of  23  days. 

This  relatively  long  period  was  a  bit  surprising  to 
us,  but  is  not  in  contradiction  with  previous  data.  Holmgren  at  al. 
(1974)  and  Shaw  (1975)  mention  periods  of  peak  turbidity  of  a  few 
days  in  length  followed  by  longer,  less  turbid  periods.  Rahn  (1976) 
has  measured  periods  of  unusually  high  aerosol  concentrations  in 
northern  Norway  (latitude  70^N,  about  the  same  as  Barrow)  which 
lasted  from  less  than  one  week  to  nearly  one  month.  The  highest 
Al  concentrations  over  Barrow  lasted  six  days. 

This  relatively  long-lasting  maximum  of  constant  composi¬ 
tion  will  allow  us  in  the  future  to  take  fewer  but  larger  samples 
of  the  base  layers,  which  will  be  most  helpful  for  our  particle-site 
sampling  with  a  cascade  impactor. 

The  other  four  elements  of  Table  2  varied  in  approximately 
the  same  fashion  as  did  Al.  In  other  words,  the  composition  of  the 
aerosol  over  the  flights  had  a  certain  tendency  toward  constancy. 


This  can  b«  bast  assn  from  the  lower  part  of  Table  2,  where  the 
aerosol-orust  enrichment  factors  for  the  elements  are  listed.  The 
aerosol-crust  enrichment  factor  Is  defined  by 

EP(Al,rock)  -  (X/Al)aeroso]^(X/Al)rock 
where  X/Al  refers  to  the  ratio  of  concentrations  of  element  X  and 
A1  in  the  crust  (here  taken  as  average  crustal  rock)  and  in  aerosol. 
The  other  elements  had  enrichment  factors  which  were  not  too  far 
from  unity  during  these  samples,  but  which  did  show  some  interesting 
and  significant  trends  over  the  concentration  cycle. 

For  example,  consider  Y,  our  best  indicator  of  pollution. 

In  the  first  few,  low-concentration  samples,  its  enrichment  factor 
is  definitely  above  unity,  reaching  a  maximum  of  5*2  in  sample  CD. 
This  means  that  the  background  aerosol  over  Barrow  has  a  non-crustal, 
possibly  pollution,  source  for  V,  at  least  during  this  season.  But 
note  how  the  V  enrichment  factcr  smoothly  decreases  to  unity  as  the 
concentration  of  A1  increases.  By  sanple  F,  when  A1  has  only 
increased  to  3^  ng  m**^,  the  V  enrichment  factor  has  started  downward 
to  1.66  versus  about2-5  of  samples  A-S.  At  samples  IJ  it  reaches 
1.0  and  stays  there  for  the  duration  of  the  sampling.  The  other 
elements  show  similar  but  less  pronounced  trends.  The  enrichment 
factor  of  Mn,  for  example,  has  its  high  value  also  in  CD  (1.81),  then 
decreases  to  about  1.2  in  the  high  A1  samples  I-M.  Na  has  initial 
enrichment  factors  of  3-5i  then  decreases  to  O.b  to  0.7.  Finally,  Ba 
has  enrichment  factors  of  9  and  16  in  the  first  two  samples  which 
decrease  to  3.0  to  3.7  in  the  high  A1  samples. 

Taken  together,  the  trends  of  these  enrichment  factors 
clearly  indicate  that  the  Alaskan  base  aerosol  is  crustal  in  composl- 


tlon»  not  pollution.  Tho  gnmiDa-ray  apoetra  from  the  short  irradia¬ 
tions  of  the  best  base  saaqiles  looked  identical  to  those  of  the 
Sahara  aerosol  with  which  one  of  us  (K.  Rahn)  just  finished  working 
with  for  eight  months  in  Mains*  West  Germany.  This  is  a  very 
important  result*  which  we  will  try  to  confirm  by  analysing  for  Pb 
in  these  samples  by  atomic  absorption.  To  be  sure*  this  conclusion 
is  not  ironclad, for  there  are  indeed  areas*  such  as  Los  Angeles*  where 
the  V  enrichment  factor  is  unity  because  only  small  smounts  of  fuel 
oil  (which  is  also  low  in  vanadium)  are  burned*  but  what  is  certain 
from  these  results  is  that  neither  the  northeastern  United  States 
nor  Europe*  areas  of  high  atmospheric  V  (from  combustion  of  V-rich 
fuel  oil)  could  have  been  the  source  of  this  haxe  aerosol.  They 
might  have  been  the  source  of  the  background  aerosol  observed  in  the 
first  saiq)les*  but  they  could  not  have  been  the  source  of  the  hase 
aerosol.  The  northeastern  United  States  and  Europe  have  year-round 
V  enrichment  factors  between  5  snd  500*  not  the  values  of  unity 
observed  here. 

What  about  the  Los  Angeles  area  with  its  lower  enrichment 
factors  for  V?  Could  this  have  been  the  source  of  the  hate  aerosol? 
The  Pb  analyses  will  settle  this  question*  but  we  doubt  that  the 
hate  aerosol  could  have  come  from  this  area.  Meteorological  naps 
for  the  end  of  April*  the  period  immediately  preceding  the  hase 
episode  at  Barrow*  show  the  Los  Angeles  aerosol  passing  to  the  west 
ovsr  the  continental  U.  S.  In  order  to  reach  Barrow*  Los  Angeles 
aerosol  would  have  to  be  carried  by  the  Northeast  Tradewind  system 
out  into  the  middle  of  the  Pacific  Ocean*  then  curve  to  the  north 
to  make  the  long  trajectory  to  northern  kirn-  a*  which  we  consider  to 
be  unlikely. 
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What  8«*as  much  aore  losical«  however •  is  that  ths  Aslan 
dsssrts  Bay  bs  ths  souros  of  this  crustal  aerosol.  There  are  aany 
factors  which  lend  credence  to  this  idea.  First*  sprlngtiBS  (when 
these  base  layers  were  observed)  is  just  the  period  Best  favored 
for  large-scale  dust  stems  in  deserts*  because  of  the  ideal  coBbina- 
tion  of  deep  convection  caused  by  intense  solar  heating  at  the 
surface  and  strong  winds  both  at  the  surface  and  aloft  caused  by 
intense  latitudinal  teBpemtxire  gradients.  In  the  suBner  the  surface 
heating  is  stronger*  but  the  latitudinal  tenperature  gradients  are 
weaker*  so  that  dust  stoms  are  less  frequent  and  their  dust  clouds 
do  not  travel  as  far  as  in  the  spring.  Second*  the  coaposition 
of  this  aerosol  is  virtually  identical  to  the  Sahara  aerosol  (Rahn 
et  al.*  1976).  Third*  the  hate  aerosol  seens  to  be  associated  with 
very  dry  layers  aloft*  which  at  least  during  this  episode  gradually 
descended.  A  dry  air  nass  like  this  is  conqpatlble  with  a  desert 
source.  Jackson  et  al.  (1973)  discuss  possible  long-range  transport 
of  air  Basses  from  Japan  to  Europe.  They  cite  the  case  of  a  storm 
developing  off  the  coast  of  Jai>an*  which  creates  a  strong  jet  strsaa 
oriented  toward  the  Gulf  of  Alaska.  Air  entering  this  circulation 
ascends  and  flows  northward  to  Alaska*  where  it  is  deflected  southward 
and  begins  to  descend.  This  then  would  be  the  perfect  mechanisa  for 
transporting  Asian  desert  dust  to  Alaska t  the  high-level  aoBentUB  is 
present  because  of  the  spring  season  and  the  atom*  the  direction  of 
transport  and  altitude  is  right*  and  the  descending  pattern  over 
Alaska  is  right.  Indeed*  just  before  the  dust  base  layers  reached 
Barrow*  the  flow  aloft  was  strongly  southerly-southwesterly.  The 
fourth  factor  in  favor  of  an  Asian  origin  of  the  base  is  distance. 


The  Aslan  deserts  (Takla  Makan  and  Gobi)  are  quite  far  north,  lying 
Bostly  between  40^  and  50**  north  latitude.  The  great-circle 
distance  from  the  midpoint  of  these  deserts  to  Barrow  (6000  km) 
is  actually  shorter  than  from  southern  Algeria  (the  source  of  most 
major  Sahara  dust  storms)  to  Barbados  (7200  km),  a  well-documented 
transport  path  for  desert  dust. 

In  summary,  then,  the  time  of  year,  conq>osltion,  altitude, 
air  flow,  and  distance  are  right  for  the  Alaskan  haze  aerosol  to 
have  had  an  Asian  desert  source.  This  is  thus  our  working  hypothesis. 
Unfortunately,  little  information  is  immediately  available  about  the 
intensity  or  frequency  of  dust  storms  in  these  deserts i  we  are 
actively  seeking  such  information,  (see  inserted  pages  31a,  b) 

The  following  is  a  description  of  typical  information 
obtained  from  the  radiation  measurements  conducted  by  the  University 
of  Alaska  on  these  flights.  The  data  in  this  case  is  for  flight  M, 

May  3»  1976,  from  lit  15  ADT  to  l6t22  ADT.  In  the  vicinity  of  Barrow 
skies  were  clear,  winds  easterly  at  20  knots  or  so  with  gusts.  No 
cirrus  were  seen,  but  there  was  a  thin,  whitish  haze,  possibly  a  thin 
haze  layer  at  about  8,300  feet. 

The  aerosol  optical  depth  was  determined  at  ground  level 
with  a  Mark  III  sun  photometer  and  in  the  aircraft  with  the  specially 
designed  airborne  sun  photometer.  The  optical  depth  is  expressed  as 

where  /{  is  in  yim,  and  iw  and  ^  are  the  Angstrom  txirbidity  and  turbidity 
wavelength  coefficients,  respectively,  with  values  of  f  >0.102  t. 
0.005  end  at  >0.21  -±0.15  at  the  90)(  confidence  level.  Note  that  7^ 
is  to  the  base  e,  i.e.  '7^( slant  aerosol)  >  exp(-m?][),  where  mi&cos  Z, 
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Trajactory  AnaXysle 
(Note  added  in  proof) 

In  the  hope  of  being  able  to  Include  some  form  of  trajectory 
analysis  in  the  Progress  Report-Renewal  Proposal,  a  request  was 
made  to  the  National  Climatic  Center  to  rush  us  the  pertinent 
upper  air  charts  for  the  month  of  April  1976.  We  were  very 
fortunate  to  receive  the  charts  in  time  to  include  here  a  rough 
preliminary  analysis  of  the  air  mass  history  for  the  single  most 
interesting  period  of  the  aircraft  sampling  work,  flights  K  and  L. 

The  following  assumptions  were  made  for  the  analysis i 
(1)  The  700-mb  level  was  chosen  for  this  initial  look  at  the 
air  mass  history  since  it  is  found  at  about  the  3  km,  or  10,000  ft. 
level.  This  is  about  the  level  at  vdilch  the  sample  was  collected 
and  should  be  representative  of  a  rather  deep  layer  centered  at 
700  mb.  (2)  Since  wind  8])eed8  were  not  reported  at  the  ?00  mb 
level,  a  mean  wind  speed  of  30  knots  was  assumed.  This  is 
reasonable  because  typical  contour  spacing  required  for  this  wind 
speed  at  700  mb  and  at  latitudes  around  4o^N  were  encountered 
during  most  of  the  trajectory.  (3)  A  12.hr.  time  step  was  used 
during  the  construction  of  the  trajectory  because  charts  were 
available  for  OZ  and  12Z  only.  Given  this  time  Interval  and  the 
assumed  wind  speed,  a  linear  step  of  6^  latitude  was  used  between 
each  point  plotted.  This  distance  was  taken  directly  from  the 
chart  because  the  length  of  one  degree  of  latitude  varies  with 
latitude  on  a  polar  stereographic  projection.  (4)  Wind  direction 
was  assumed  to  parallel  the  contour  lines. 
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The  results  of  this  preliminary  trajectory  were  quite 
interesting  and  supportive  of  oxir  initial  belief  of  an  Aslan 
origin  for  the  air  mass.  The  trajectory  starting  9  days  prior  to 
its  passing  over  Barrow  is  essentially  as  follows t  At  day  -9 
(nine  days  before  reaching  Barrow)  the  position  was  41^N  86^£, 
or  located  within  the  arid  regions  around  the  Takla  Makan  Desert. 

At  this  time  it  was  associated  with  a  hi^  pressure  center  and 
under  the  influence  of  flow  from  the  north.  The  surface  chart 
for  this  period  shows  two  surface  stations  approximately  2000  km 
upwind  of  the  trajectory  location  reporting  blowing  sand  and/or 
dust.  The  airmass  moved  south  and  then  east  until  by  day  -5  it 
was  located  at  32 140°E,  or  approximately  350  km  south  of 
Tokyo*  Japan.  From  there  it  proceeded  in  a  N£  direction  to  Barrow 
by  April  30. 

All  of  the  upper  level  charts  support  this  trajectory* 
including  the  300  mb  level.  Just  prior  to  the  haze  event  of 
flights  K  and  L*  there  was  meridional  transport  from  approximately 
50^N  to  Barrow  at  all  levels.  It  should  be  emphasized  that  this 
is  a  very  simple  first  look  at  transport  to  the  Arctic.  We  plan 
to  look  at  the  history  of  each  sample  collected  at  various  levels 
to  determine  how  varied  the  source  regions  were  during  our  saiiq)ling 
in  April  and  May. 
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and  z  »  solar  ssnlth  aagls.  Figure  6  is  a  plot  of  In  ^ versus 
In  /{  t  und  shows  individual  neasurements  and  their  error  bars. 

The  total  preoipitable  water  in  a  vertical  ooluan  has 
been  derived  from  optical  transmission  measurements  in  the  ^ 
band  at  ^  »  0,95  )am.  The  value  for  flight  M  was  9*3  -  0.4  am. 

The  total  vertical  optical  depth  above  height  h  has  been 
derived  from  the  airborne  sun  photometer  for  three  different 
elevations,  according  to  the  formula 

where  is  the  aerosol  volume  extinction  (absorption  plus 

scattering)  coefficient.  The  results  are  shown  in  Table  3*  From 
the  plot  of  this  data  (Figure  7)>  sn  average  tropospheric  scale 
height  of  10.1  km  may  be  derived  (i.e.X::^oX  ). 

This  value  is  large i  surface-generated  aerosol  usually  falls  off 
with  a  scale  height  of  about  1.5  km. 

By  taking  a  tropopause  height  of  11.0  km  and  extrapolating 
through  the  troposphere,  we  deduce  that  66^  of  the  aerosol  mass  is 
in  the  troposphere,  leaving  about  3^  which  must  be  stratospheric 
aerosol,  i.e.  0.34  7^  -  0.34  x  0.103  -  0.035  =  "^strat  •  ^77 

All  these  values  found  are  high  -  these  numbers  could  be 
easily  obtained  at  a  moderately  polluted  low  latitude  location. 
Reaember  that  the  vertical  profile  of  turbidity  has  been  smoothed  - 
it  does  not  show  the  low  haze  layer  of  thickness  about  500  ft.,  nor 
does  it  show  the  elevated  layer  at  8,300  ft.  which  was  barely 
detectable  by  both  the  sun  photometer  and  the  nucleus  counter. 

It  is  possible  to  derive  some  physiocd  oharaoteristics  for 
the  Barrow  aerosol  of  3  May  1976  based  on  the  measureaents  on  that 
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day.  Asauaing  an  indax  of  rafraotion  of  ■  •  i*5^  **-  iO.OO  (rapra- 
aantatlTO  of  ailioataa  and  aulfataa),  and  using 

dif/ietL  ^  yC-j, 

as  a  slsa  distribution  function  wa  nay  darivai 
«  0.12  t  0.014  ym 

P  ■  total  ooluanar  nass  loading  «  17*4  t  2.0  mg  a"^ 

(for  ^  >  1  g  ca"3) 

No  ■  ooluanar  nuabar  dansity  ■  3*4  x  10^  particlas  en~^ 

r(  )  «  0.34  un  ■  tha  radius  abova  and  balow  which  half  tha 

total  aarosol  aass  is  found. 

For  coaparisont  for  tha  South  Polo  in  Dacanbar  1974 

*'nax  *  0*0^  •  0.014  ^ 

P  *  2.3  »8 

N^  *  11.4  ^3*5  *  particlas  cm“^ 

Notica  that  P  Barrow  /  P  South  Pole  ■  7.5t  tha  colunnar 

aarosol  loading  at  Barrow  is  about  sight  tinas  larger  than  at  the 
South  Pole  and  that  the  particlas  ara  auch  larger  at  Barrow. 

Finally*  tha  aarosol  nass  conoantration  near  tha  surface 
can  be  astinatad  by 
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A  vtry  Strang*  phtnoatnon  aay  b*  not*d  froa  Pigur*  5  And 
Tsbl*  2.  For  fillet  M,  «ft*r  the  has*  layer  had  all  but  disappeared 
as  aeasured  by  both  the  sun  photoaeter  and  the  oondensation-nuoleus 
counter •  the  eleaental  concentrations  of  Al*  y,  Mn*  etc.  reaained 
very  high*  in  faet»  even  increased  over  their  values  in  flight  KL. 

This  was  a  great  surprise  to  us,  for  iqp  to  that  tiae  we  had  auto- 
aatically  assumed  that  the  eleaents  were  intiaately  coupled  with 
the  base  layers.  But  it  is  clearly  not  necessarily  so,  at  least 
for  the  eleaents  we  aeasured  here.  What  can  the  explanation  be  for 
this  strange  occurrence?  First  of  all,  it  reminds  us  that  we  are 
really  measuring  three  different  sise  ranges  of  the  aerosol  in  this 
experiment.  The  condensation-nucleus  counter  counts  total  number 
of  particles,  which  are  essentially  all  in  the  Aithen  particle 
range  (radius  <0.1  ym).  The  sun  photometer  measures  the  aerosols 
which  interact  with  visible  light,  which  are  found  in  the  large 
particle  range  (radius  0.1  to  1  yim).  Finally,  the  crustal  particles 
which  apparently  make  up  the  bulk  of  the  mass  in  the  haze  layer 
should  be  found  in  the  giant  particle  range  (radius  >1  ym). 

These  giant  particles  have  significantly  greater  fall  speeds  than 
do  the  large  or  Aitken  particles,  and  so  have  the  possibility  of 
being  more  evenly  'istributed  through  the  troposphere  than  the 
smaller  particles,  which  tend  much  more  to  remain  with  their  original 
layer.  And  this  is  apparently  Just  what  happens  here  -  the  large 
and  Aitken  particles  follow  each  other  approximately  in  their 
vertical  profiles,  as  evidenced  by  the  similarity  of  the  optical 
and  CMC  profiles,  but  at  least  on  some  occasions  the  giant  particles 
are  quite  differently  distributed.  Therefore,  the  implicit  assumption 
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whioh  «•  h«ld  that  our  filtar  Maauraatnta  ara  rapraaantatlTe  only 
of  tha  hasa  layara  la  not  ao.  Wa  do  not  know  (l)  anything  about 
tha  Tartioal  diatrihution  of  tha  cruatal  eoaponant  of  tha  Barrow 
atnoaphara*  or  (2)  whathar  tha  larga  partiola  eoaponant  of  tha 
cruatal  partiolaa  ia  raally  tha  haxa-produoing  agant.  Tha  way  la 
laft  opan  for  aoaa  antiraly  diffarant  aourea  to  be  creating  tha 
larga  partielaa  which  ara  for  soma  reason  found  together  with  tha 
giant  crustal  particles  and  produce  tha  haaa.  Wa  do  not  consider 
this  vary  probable •  but  it  is  possible.  For  all  wa  know,  the 
eonoantration  of  tha  crustal  particles  outside  the  hasa  layers  is 
every  bit  as  larga  as  it  is  inside  them  •  their  nxiabars  ara  so  snail 
that  they  are  coapletaly  naskad  by  tha  Aitken  counts.  Furthemora, 
we  now  sea  that  our  filtar  neasureaants  to  date  nay  have  told  us 
very  little  about  the  actual  haze-prod\icing  agent,  and  that  future 
measuraaants  must  segregate  out  this  larga>particle  component  which 
actually  produces  tha  haze  and  oeurefully  datermine  whathar  it  has 
tha  same  source  as  the  rest  of  the  haze  mass. 

It  is  now  very  clear  that  (a)  tha  Alaskan  aerosol  is  vary 
complicated,  and  (b)  that  two  types  of  new  maasurenants  ara 
necessary  in  tha  second  stage  of  our  airborne  maasuramantst  (1) 
vertical  profiles  of  tha  crustal  elements,  and  (2)  particla-sisa 
information  from  within  and  possibly  also  from  outside  tha  hasa 
layers.  In  short,  tha  crustal  aarosil  nay  be  the  dominant  one  by 
mass  in  tha  haze  layers,  but  it  nay  not  causa  tha  associated  optical 
affects. 

Wa  close  this  section  with  a  word  about  volcanoes  as  a 
possible  source  for  tha  hasa  aerosol.  This  was  considered-  in  tha 
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original  proposal  and  has  aaauaad  naw  raltTanoe  hara  with  tha 
aruption  of  Mt.  Auguatina  in  aouthazn  Alaska  in  January  197^. 
Portunataly*  ona  of  us  (R.  Borys)  was  on  tha  NCAR  Blaotra  as  it 
saaplad  this  pluaa  about  a  waak  aftar  tha  aruption.  Sleaantal 
eoncantrations  and  anriohaant  factors  datamined  from  a  singla  filtar 
saapla  in  tha  aiddla  of  tha  pluna  ara  listad  in  Tabla  4,  whara  it 
can  ba  saan  that  fiva  out  of  tha  six  alaaants  listad  (axeapt  Cu) 
wara  prasant  in  naarly  crustal  proportions.  Vanadium  saaas  a  bit 
anrichad,  but  this  aay  not  ba  significant,  and  surely  could  not 
ba  used  to  olaia  that  tha  Arctic  haxa  could  not  be  volcanic.  Tha 
important  feature  of  this  table  is  tha  relatively  low  concentration 
of  A1  comparad  to  Arctic  hasa,  tha  volcano-plume  conoantrations  being 
only  about  fo\ur  times  higher  than  tha  hasa  concentrations,  wa  feel 
quite  strongly  that  if  tha  volcano  plume  wara  advectad  to  Barrow, 
it  woxild  ba  diluted  by  much  more  than  a  factor  of  4,  probably  more 
like  a  factor  of  100-1000  or  more.  Furthermore,  the  haze  episode 
at  Barrow  came  two  months  aftar  this  volcano  8aaQ)le  was  taken,  and 
no  major  eruptions  occurred  during  our  period  of  saspling  in  Barrow. 
Also,  it  is  vary  hard  to  imagine  a  singla  point-source  volcano 
producing  the  broad  haze  bands  as  seen  over  Alaska,  which  may  extend 
horizontally  over  1000  miles  or  more.  And  lastly,  the  volcano  source 
height  «^s  about  3,900  feet,  much  lower  than  the  10,000  feet  or 
more  often  observed  for  the  Alaskan  haze  layers.  These  arguments, 
put  together,  suggest  to  use  that  Mt.  Augustine  could  not  have  bean 
much  of  a  contributor  to  tha  haze  layers  during  April  and  May  of 
1976. 
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P.  Work  Plan  through  StPttmbT  1976 

1.  Analysis  of  oaaploa 

Bstwsen  now  and  30  Sspteaber  1976  wo  will  analyso  ths 
base  ssaplss  by  noutron  activation  for  ths  long-lived  elenents  and 
by  atoaic  absorption  for  Pb  and  probably  also  Cd«  The  samples  will 
also  be  exaained  under  the  Scanning  Electron  Microscope  for  norpho- 
logical  characteristics t  which  should  help  to  decide  whether  Asian 
deserts  were  the  actual  source.  The  ice-nucleus  samples  taken  on 
Millipore  filters  will  also  be  analysed.  The  finding  that  the 
greatest  mass  in  the  haze  layers  was  crustal  makes  these  analyses 
especially  important  because  crustal  fragment  are  particularly 
good  ice  nuclei. 

2,  Trajectory  analysis 

Accurate  trajectory  analysis  of  the  haze-laden  air  masses 
should  be  most  helpful  in  revealing  the  source  of  the  haze  aerosol. 
We  have  unfortunately  had  some  difficulty  obtaining  the  maps  for 
April  and  May  of  1976  because  there  is  normally  a  six-month  delay 
before  the  maps  are  available  on  microfilm.  The  National  Climatic 
Records  Center  in  Asheville*  North  Carolina*  is  expediting  our 
request  to  the  maximum  degree  and  has  just  delivered  the  maps  for 
April.  We  hope  to  get  the  maps  for  May  sometime  during  August  or 
September.  Dr.  Paul  Twitohell  of  ONR  Boston*  a  meteorologist  with 
much  experience  in  making  Arctic  trajectories  and  who  has  a  special 
Interest  in  this  project*  has  offered  to  come  to  U.R.I.  and  work 
with  us  on  the  trajectories.  We  anticipate  positive  results. 


-42- 


3.  Setup  of  ground  stations  In  Alaslca 
The  second  part  of  the  original  proposal  was  to  perform 
a  one-year  ground-level  study  of  the  aerosol  at  some  location  in 
Alaska*  probably  either  Barrow  or  in  the  interior*  in  an  effort 
to  get  some  idea  about  the  seasonal  frequency  of  the  occurrence 
of  the  base  layers  there*  if  indeed  the  haze  leiyers  could  be 
detected  at  ground  level.  As  one  surprising  result  after  another 
has  been  produced  in  the  past  weeks  from  this  study*  leading  to 
the  ma;}or  hypothesis  of  substantial  flows  of  Asian  desert  dust 
into  the  Arctic  Basin*  we  have  been  forced  to  rethink  our  whole 
approach  to  the  next  year's  work.  If  the  Asian  deserts  do  routinely 
contribute  major  amounts  of  dust  to  the  Arctic  aerosol*  this 
phenomenon  should  be  studied  in  much  greater  detail*  both  in  the 
Arctic  and  nearer  to  the  Aslan  source.  Clearly  the  way  to  do  this 
best  would  be  further  aircraft  measurements*  now  that  we  have 
demonstrated  that  it  can  be  quite  satisfactorily  done.  But  we  are 
only  a  small  project  and  dare  not  expand  too  far  too  fast.  We 
literally  have  neither  the  manpower  nor  the  general  capacity  to 
make  a  long  series  of  flights  during  the  next  contract  year. 
Recognizing  the  great  value  of  more  and  better  aircraft  measurements 
though*  we  have  worked  out  a  compromise  scheme  which  we  feel  is  a 
realistic  next  step.  This  scheme  involves  proceeding  as  planned  for 
a  ground  sampling  program  for  next  yeari  for  the  following  reasons i 

(1)  The  machinery  is  already  in  motion  -  pumps  are  ordered* 
shelters  designed  and  built*  arrangements  made*  etc.  etc. 

(2)  Such  a  ground  study  involves  negligible  cost  and  manpower 
for  sampling  and  only  moderate  manpower  for  analysis. 
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(3)  A  sisilar  study  psrfonned  sobs  yssrs  ago  Toy  one  of  us 
(K.  Rahn)  in  northern  Norway  was  highly  successful.  Pollution 
aerosol  carried  northward  from  Europe  in  the  airflow  aloft  was 
quite  strongly  detected  at  ground  level  and  led  to  rather  positive 
identification  of  the  source  and  transport  mechanism.  During 
l>eriods  of  high  pollution,  the  backgroxmd  aerosol  for  that  region 
was  completely  masked  by  the  pollution  component. 

(4)  The  Sahara  plume,  which  travels  across  the  Atlantic  Ocean 
from  West  Africa  to  Barbados  at  altitudes  of  2-6  km,  is  easily 
detected  at  sea  level  at  all  points  along  the  trajectory.  In  fact, 
the  whole  phenomenon  was  discovered  by  a  sea-level  site  in  Barbados. 

(5)  A  ground-level  study  in  Alaska  should  yield  much  valuable 
general  Information  about  the  nature  and  sources  of  the  Alaska 
aerosol,  over  and  above  what  it  shows  about  the  hase  component.  One 
never  knows  what  may  emerge  from  such  information  -  the  Alaska 
aerosol  is  very  understudied  up  to  now. 

(6)  The  anomalous  behavior  of  sample  M,  where  a  high  crustal 
concentration  was  found  with  no  evidence  of  a  concurrent  hase  layer, 
has  cast  doubt  on  our  original  assumption  that  all  the  elements  of 
the  aerosol  would  have  their  maximum  concentrations  in  the  haze  layer. 
It  has  also  provided  indirect  evidence  that  the  large  mass  of  the 
hase  layer  is  indeed  associated  with  giant  aerosol  particles,  as  it 
should  be.  These  particles  are  very  subject  to  fallout,  and  thus 
would  tend  to  be  detected  more  at  ground  level  than  would  the 
smaller  particles  of  the  hase  layers. 

(7)  Finally,  the  alternative  to  a  continuous  ground-level 
study,  a  continuous  aircraft  study,  is  simply  unreasonable  at  this 


point t  both  in  terns  of  finances  and  nanpower.  Purthermore,  such 
a  study  would  probably  have  a  large  percentage  of  inactive  tine 
because  of  poor  flying  conditions  at  Barrow  during  nuoh  of  the  year. 

During  his  trip  to  Alaska  in  April-May  1976  for  the 
najor  purpose  of  aircraft  sanpling  of  thehaze  layers  at  Barrow, 

Mr.  Randy  Borys  of  U.R.I.  inspected  a  nunber  of  possible  ground-level 
sanpling  sites  in  and  around  both  Barrow  and  Fairbanks.  The  best 
of  these  was  N0AA*s  Global  Monitoring  for  Change  foMcc) 

site  just  outside  of  Barrow,  where  extensive  air  sanqples  are  taken 
and  radiation  neasurenents  are  nade  throughout  the  year.  Conversa¬ 
tions  with  NOAA  personnel  at  the  site  and  subsequent  exchanges  of 
letters  with  Dr.  Kirby  Hanson  of  NOAA  in  Boulder,  Colorado  have 
established  NOAA's  generous  offer  to  aid  us  by  having  their 
personnel  at  Barrow  change  filters  routinely  over  the  year  and  nail 
them  back  to  U.R.I.  for  analysis.  This  cooperation,  which  is  free 
of  char^  to  this  project  and  which  is  not  necessarily  afforded  by 
NOAA  to  all  experimenters  (because  of  NOAA*s  full  program  for  its 
own  personnel  at  the  Barrow  site),  will  allow  us  to  obtain  a  valiiable 
suite  of  filter  samples,  with  a  minimal  expense  and  effort,  and  at 
the  same  time  have  access  to  a  great  deal  of  supporting  atnospheric 
measurements  nade  by  NOAA  on  other  atnospheric  parameters  during 
these  same  periods.  This  year  in  particular  will  be  a  very  good 
one  for  cooperation  with  NOAA  at  the  Barrow  site  because 
Mr.  Emerson  Wood  of  NOAA,  the  person  most  likely  to  change  our 
samples,  will  be  making  a  special  series  of  meastirenents  on  aerosols 
(with  a  4-wavelength  nephelometer,  a  Pollack  counter,  and  a  sun 


photometer)  during  the  winter  to  collect  data  for  a  Master's  thesis 
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under  th«  direction  of  Dr.  Shaw.  Wo  will  thareforo  act  up  our 
Barrow  ground-loTOl  station  at  WOAA*s  (aCC  site  daring  the  week  of 
13  Soptoaber  1976. 

We  have  decided  also  to  nake  a  change  from  oiir  original 
proposal  and  run  a  two-point  ground«.eaimaling  program  in  Alaska, 
with  the  second  site  just  outside  Fairbanks.  The  in^tus  for  this 
addition  came  from  Dr.  Glenn  Shaw  of  the  University  of  Alaska  and 
his  boxandless  enthusiasm  for  studying  the  background  aerosol  of 
interior  Alaska.  A  Fairbanks  site  would  be  very  useful  to  us  for 
the  following  reasons t 

(1)  There  is  mounting  evidence  that  Arctic  haze  aerosol  nay 
indeed  pass  over  Fairbanks  on  its  way  from  the  south  to  Barrow  and 
northern  Alaska.  First  is  the  general  association  we  have  seen 
between  the  haze  periods  at  Barrow  and  southerly  winds.  On  one 
occasion  the  haze  layers  were  tracked  from  Barrow  to  the  Brooks 
Range f  and  since  the  air  flow  at  the  time  was  northward  over  the 
Brooks  Range,  the  haze  must  have  come  from  the  Alaskan  Interior. 

A  second  piece  of  evidence  comes  from  observations  by  Or.  Glenn  Shaw 
of  very  high  turbidities  over  Fairbanks  in  late .  February  and  early 
March  1976.  These  turbidities  were  associated  with  southwesterly 
winds,  and  the  trajectories  for  these  periods  showed  that  the  air 
masses  involved  oould  not  have  recently  passed  over  polluted  Europe 
or  the  northeastern  United  States.  These  turbidities  and  air  flows 
are  not  incompatible,  however,  with  a  source  for  the  aerosol  in 
the  Asian  deserts  according  to  the  picture  which  we  are  independently 
developing  from  data  of  northern  Alaska.  The  discovery  of  a  common 
cause  for  high  turbidities  over  Barrow  and  Fairbanks  would  be 
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•xoiting  indeed. 

(2)  Unlrereity  of  Alaska  personnel  nake  as  aany  radiation 
measurements  as  possible  at  Fairbanks  during  the  year.  Such 
turbidity  measurements  could  be  compared  with  aerosol  trends  from 
a  Fairbanks  station  in  exactly  the  same  way  as  we  have  already 
done  for  the  aircraft  flights  this  spring  at  Barrow. 

(3)  The  aerosol  of  interior  Alaska  may  be  quite  different 
from  that  arotmd  Barrow.  In  facti  little  or  nothing  is  known  about 
the  composition  or  sources  of  this  aerosol*  and  Or.  Shaw  has  been 
particularly  eager  to  get  whatever  inforrotion  he  can  about  it* 

to  help  him  interpret  a  series  of  turbidity  measurements  which 
he  has  been  accumxilating  for  the  past  several  yeaia  and  which  nay 
eventually  turn  out  to  have  great  relevance  to  our  xmderstanding 
of  the  aerosol  of  northern  Alaska. 

Because  of  Dr.  Shaw's  interest  in  a  series  of  measurements 
from  Fairbanks  essentially  Identical  to  what  we  were  independently 
planning  for  Barrow*  we  thought  it  would  be  most  opportune  to  operate 
a  completely  parallel  program  at  Fairbanks  for  this  year.  The 
station  will  be  set  up  during  the  week  of  6  September  1976  and  will 
operate  for  about  one  year.  Samples  will  be  collected  by  Dr.  Shaw 
or  an  assistant  at  very  little  cost  to  this  project.  Equipping  the 
site  will  cost  less  than  $1*000*  and  for  the  time  being  we  will  use 
the  spare  pumps  foreseen  originally  for  Barrow*  so  that  there  would 
be  virtually  no  initial  cost.  The  setup  will  have  no  wind  controls 
so  that  no  anemometer  or  associated  electronics  will  be  needed,  we 
have  chosen  the  site  of  Bster  Dome,  apnryx^— t«iy  ten  miles  west  of 
Fairbanks.  This  is  a  research  site  operated  by  the  University  of 
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Alaska^  which  has  a  number  of  buildlnga  with  claetrical  currant 
which  could  be  used  for  the  punps.  Local  contamination  is  vary 
small •  aapacially  in  tha  winter  whan  Bstar  Dome  ia  wall  abora  the 
mixed  layer  of  Fairbanks  (elevation  of  Fairbanks  is  600  faati  that 
of  Sstar  Dome  2,364  feet).  There  are  only  a  few  houses  nearby, 
which  appear  to  be  heated  with  electric  heat  and  so  emit  minimal 
pollution.  We  feel  that  even  if  local  effects  were  to  ruin  half 
the  samples  taken  here  during  a  year,  the  other  half  will  make  the 
project  worthwhile. 

Ovac  experience  with  field  saaqpling  has  shown  us  that  if 
two  sets  of  samples  are  to  be  taken  in  regions  where  a  certain 
effect  is  to  be  studied,  such  as  the  transport  of  aerosol  into 
Alaska,  simultaneous  programs  are  vastly  preferred  over  sei>arate 
programs.  So  when  the  chance  came  to  add  Fairbanks  to  the  program, 
we  decided  to  do  it. 

In  summary,  the  overall  work  plan  for  August  and 
September  1976  isi 
August  1976 

Continue  with  analysis  of  base  samples t  make  trajectory  analyses 
for  san^ling  dates  at  Barrow  during  April  1976i  oonstruot  and  test 
ground  stations  at  U.R.I.i  ship  ground  stations  to  Barrow  and 
Fairbanks. 

September  1976 

Complete  analysis  of  base  samples i  make  trajectory  analyses  for 
saa^ling  dates  at  Barrow  during  May  1976|  Install  ground  stations 
at  Barrow  and  Fairbanks i  receive  first  ground-level  filters  at  U.R.I. 


For  obvious  rsasons  of  tlasi  this  projset  has  as  yet 
produced  no  publications.  However)  certain  oomsunications  of 
our  results  are  foreseen.  We  plan  to  subnit  a  short  publication 
to  Nature  as  soon  as  the  ehenical  analyses  and  trajectories  are 
finished.  One  of  us  (K.  Rahn)  will  be  attending  a  conferenoe  in 
Gothenburg)  Sweden)  18-20  October  1976)  sponsored  by  the  Seeretariat 
for  International  Ecology)  Sweden  (SISS))  on  the  topic  of  neasurenent 
and  effects  of  Sahara  dust.  We  will  present  a  short  sumaary  of  our 
results  there.  We  have  just  received  an  invitation  from 
Dr.  Troy  Pe'w^  of  Arizona  State  University  to  attend  a  syaposiun  on 
desert  dust  which  he  is  organising  for  the  annual  nesting  of  the 
AAAS  in  February  1977  in  Denver.  If  tine  pemlts  we  nay  give  a 
talk)  but  in  any  event  we  have  been  encouraged  to  prepare  a  paper 
for  the  proceedings  voltime  of  the  conference. 


II.  Renewal  Propoeali  "Arctic  Hasei  A  Chenical,  Physical*  Optical 

and  Meteorological  Study" 

A.  Introduction  and  rationale 

The  original  Arctic  haze  proposal  of  20  August  1975 
anticipated  a  two-part  program  consisting  of  a  month-long  aircraft 
field- sampling  program  in  Barrow  followed  by  setup  of  a  ground-based 
sampling  program  in  Barrow  or  vicinity.  The  edreraft  program  would 
yield  information  about  the  composition  of  the  Arctic  haze  layers* 
while  the  ground  program  would  hopefully  provide  some  data  on  the 
seasonal  frequency  of  occurrence  of  haze  layers  at  Barrow*  plus 
more  detailed  chemical  analysis  of  the  Barrow  aerosol  in  general. 

The  ground-level  sampling  program  was  to  extend  for  one  year*  or 
through  the  latter  part  of  the  original  granting  period  and  most 
of  the  one-year  renewal*  whlwh  was  anticipated  to  begin  1  October  1976. 

As  noted  above  in  the  Progress  Report  section  of  this 
report*  the  aircraft  sampling  part  of  the  original  contract  has 
been  carried  out  (in  April  and  May  1976).  It  seems  to  have  been 
very  successful*  and  analysis  of  the  samples  is  now  being  completed. 
Concerning  the  ground-station  program*  we  have  decided  to  set  up  two 
stations  instead  of  the  originally-planned  one*  for  reasons  which 
are  also  discussed  above.  Briefly*  these  arei  (1)  the  second 
station  just  outside  of  Fsdrbanks  will  be  maintained  by  University 
of  Alaska  personnel  at  little  cost  to  this  projecti  (2)  it  should 
yield  confirmatory  data  for  the  more  northerly  Barrow  site*  because 
Fairbanks  is  to  the  south*  the  direction  from  which  the  haze  Isyers 
appear  to  come  into  Barrow.  (In  fact*  Or.  Glenn  Shaw  of  the 
University  of  Alaska  observed  anomalously  high  turbidities  over 
Fairbanks  this  past  spring  during  periods  of  southwesterly  flow  aloftJi 
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and  (3)  turbid!'^  MasuraMnts  are  nada  ragularly  in  Pairbanka  and 
can  ba  conparad  with  our  aaroaol  maaaurananta  thara. 

Tha  firat  part  of  our  ranawal  propoaal  for  tha  pariod 
1  Octobar  1976  through  30  Saptenbar  1977  ia  tharafora  the  aaintananca 
of  thaae  two  ground  atationa  and  th*  anMiygia  of  filtara  oollactad 
from  thaa. 

Tha  aacond  part  of  our  ranawal  propoaal  ia  a  follow-up 
aarlea  of  aircraft  aanrolaa  of  the  Arctic  haaa  layara  over  Barrow, 
uaing  aircraft  from  NARL  in  about  tha  aaaa  way  aa  tha  firat  pilot 
study  thara  did.  This  again  raprasanta  aomathing  of  a  departure 
from  our  original  idea  for  tha  renawalt  which  waa  to  only  run  tha 
ground  program.  The  reaaona  for  adding  a  second  aircraft  phase  are 
saverali  (1)  Our  chemical  analyses  of  the  first  sat  of  haaa  layer 
samples  showed  that  aircraft  sampling  within  the  layers  was  much 
easier  than  we  had  anticipated,  because  the  concentrations  of  aerosol 
masa  ware  generally  much  higher  than  expactedt  (2)  Condensation 
nucleus  counts  as  a  function  of  height  during  tha  flights  occasionally 
revealed  apparent  layers  of  aerosol  wall  above  tha  10.000-faot  asMPllng 
ceiling  of  tha  Cessna  180 *e  used  during  the  pilot  studyi  radiation 
measurements  during  some  of  the  flights  confirmed  this  idea  by  showing 
that  much  of  the  turbidity  of  the  Barrow  atmosphere  was  above  the 
levels  sampled.  This  agrees  with  tha  totality  of  radiation  maasura- 
mants  from  Barrow,  which  suggest  that  60-60j(  of  tha  hasa-produoing 
aerosol  is  above  tha  typical  flight  levels  of  7*000-10,000  feat. 

A  level  of  10,000  feat  may  only  ba  tha  base  of  a  substantial  hasa 
layer,  tha  origins  and  properties  of  which  are  unknown.  Tha  strato¬ 
sphere  apparently  cannot  account  for  vary  much  of  this  "excess* 
turbidity I  (3)  Wa  learned  that  HARl  will  have  one  of  its  Super  DC-3*s 
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86 t  a8id6  for  rosearoh  purposos  which  oan  bo  usodt  those  aircraft 
can  fly  enough  higher  and  longer  (ceiling  about  20,000  feet,  fli^t 
time  about  10  ho\irs)  than  the  Cessna  180*8  that  sanpling  from  them 
would  be  a  significant  itBprovement  over  our  pilot  study}  (4)  We 
need  to  know  the  chemical  composition  of  the  hate  particles  as  a 
function  of  particle  sise  in  order  to  confirm  that  the  particles  of 
crustal  composition  indeed  are  present  in  the  giant  size  range 
(radius  >  1  ,  where  they  should  be  if  they  are  indeed  produced 

from  the  crust  by  natural  dispersion  jtrocesses,  as  we  suspect. 

Such  measurements  can  be  made  with  a  high-volume  cascade  inpactcrt 
(5)  We  need  to  know  the  vertical  profiles  of  this  cru8t2j.  aerosol 
and  of  its  components  during  haze  and  non-haze  conditions,  because 
flight  M  has  shown  us  that  the  concentrations  of  crustal  material 
may  have  little  or  no  relation  to  the  presence  or  absence  of  haze. 

In  particular,  we  need  to  know  whether  the  crustal  aerosol  has  a 
maximum  concentration  at  the  same  point  where  the  haze  layer  does 
(as  measured  by  particle  counts  of  Aitken  nuclei).  If  the  concen¬ 
trations  of  crustal  aerosol  are  generally  high  at  all  levels  of  the 
lower  troposphere  when  a  haze  band  is  present,  then  the  crustal 
aerosol  can  no  longer  be  considered  as  an  indicator  of  the  location 
of  the  haze  layers,  and  something  else  will  have  to  be  sotight. 

For  both  the  ground- level  and  aircraft  studies,  detailed 
tra.iectory  analyses  for  all  samples  will  be  made,  which  will  provide 
iinportant  corroborative  information  about  the  locations  of  sources 
of  the  aerosols  sampled. 

In  summaK^,  then,  our  Renewal  Proposal  contains  the 


following  goals t 
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(1)  S««k  to  establish  the  seasonal  flpeouencies  of  ooeurrence 
of  the  base  layers  over  Alaska  by  a  year-long  ground-station  study 
at  Barrow  and  Fairbanks! 

(2)  If  the  base  aerosol  is  detected  in  the  ground-level  aerosol 
at  either  or  both  of  these  sites,  a  very  careful  traiectQ»*Y 

will  be  performed  for  the  haze  periods  to  see  whether  they  all  have 
the  same  source  and  what  this  source  or  sources  might  bei 

(3)  Determine  the  composition  of  the  ground-level  aerosol  as 
a  function  of  particle  size  dxiring  the  haze  periods  and  oonqpare  the 
results  with  a  similar  study  to  be  done  by  aircraft  in  the  layers 
aloft! 

(^)  A  major  aircraft  study  of  the  haze  layers  over  Barrow  next 
spring  to  see  whether  their  composition  is  the  same  as  this  year 
(i.e.  is  the  haze  aerosol  always  crustal?),  study  their  composition 
as  a  function  of  particle  size,  make  better  size  distribution 
measurements  of  the  haze  and  non-haze  layers  (perhaps  with  an  airborne 
Royco  particle  counter),  measxare  the  vertical  profiles  of  the 
various  conqponents  of  the  Barrow  atmosphere  during  haze  and  non¬ 
haze  conditions,  and  to  see  which  components  are  the  best  indicators 
of  the  location  and  intensity  of  the  haze  layers! 

(5)  A  much  broader  goal,  to  be  discussed  in  detail  belowi 
To  begin  a  comprehensive  study  of  the  composition  of  the  i-io  jim 
fraction  of  erodible  soils,  i.e.  that  size  fraction  of  the  soil 
which  actually  makes  up  the  crust-derived  aerosol.  Such  information 
will  be  most  helpful  now  and  in  the  future  in  coi\firming  whether 
Arctic  haze  actually  cones  from  the  earth's  crust  via  a  wind-generation 
mechanism. 
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Future  research  which  aii^t  dewelcp  If  an  Aaian  desert 
source  is  confimed  this  year  but  which  is  not  proposed  for  this 
renewal*  night  be  oriented  toward  (1)  examining  the  transport  paths 
of  Asian  aerosol  between  Asia  and  Alaska  in  nore  detail*  with  an 
eye  toward  levels  of  transport*  modification  of  the  particle 
population  during  transport  by  fallout*  precipitation*  eto.t  (2)  dis¬ 
tinctive  chemical  features  of  Asian  desert  dust  Kdiich  can  aid  in  its 
identification!  (3)  fate  of  this  crustal  material  after  it  is  injected 
into  the  Arctic  vortex  (this  could  possibly  develop  into  a  cooperative 
international  program  if  other  northern  countries  were  interested 
enough)}  and  (4)  a  more  detailed  theoretical  and  experimental  study 
of  the  effect  of  dust  particles  on  the  radiation  balance  of  the  Arctic. 

It  can  easily  be  seen  from  the  above  discussion  that  our 
program  for  the  next  year  is  at  a  higher  overall  level  than  had 
been  originally  anticipated!  this  is  also  reflected  in  the  budget. 

Part  of  the  reason  for  this  increase  in  sise  is  due  to  the  natiire 
of  the  analytical  results  which  we  have  obtained  for  the  haee 
san^les  -  if  the  haze  Indeed  has  its  source  in  the  Asian  deserts* 
then  this  is  a  major  discovery  vdiich  merits  an  expanded  program. 

But  a  second  reason  why  we  have  felt  confident  to  propose  a  larger 
program  is  because  of  the  following  purely  coincidental  set  of 
circumstances  of  which  we  have  chosen  to  take  fullest  advantage. 

From  September  1975  to  May  1976*  Dr.  Kenneth  A.  Rahn  of 
this  projeot  vras  an  invited  guest  soientist  at  the  Max-Planek-Znstitut 
fur  Chemie  (Otto-Hahn-Institut)*  Mainz*  West  Oemany*  direoted  by 
Prof.  Christian  Jungs.  This  Institute  has  perhaps  the  foremost 
oomprehensive  program  of  researoh  into  atmospherio  chemistry  in  the 
world.  Dr.  Rahn's  principal  activity  during  these  eight  months  was 
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the  analysis  and  Intsrprstation  of  a  suits  of  Sahara  soil  saoplss 
and  a  suite  of  Sahara  aerosol  saaples  taken  over  the  North  Atlantic 
Ocean.  The  analyses  performed  on  these  samples  by  neutron  activation 
were  the  most  detailed  of  any  Sahara  samples  to  date.  They  yielded 
a  great  deal  of  information  about  the  ooaposltion  of  the  aerosol 
Itself  and  also  revealed  an  intimate  relation  between  the  coapositlon 
of  the  parent  soil  and  its  derived  aerosol*  which  appears  to  be  much 
more  complex  than  generally  realised.  At  the  conclusion  of  Or.  Rahn*s 
visit  to  Mains*  Prof.  Junge  suggested  that  one  of  his  graduating 
Ph.D.  students*  Mr.  Lothar  Schuts*  pay  a  ret\um  research  visit  to 
the  University  of  Rhode  Island  and  work  for  six  months  to  one  year 
with  Dr.  Rahn  on  analysis  of  aerosols  by  and  soils  by  neutron 
activation*  then  retxim  to  Mains  and  establish  a  similar  program 
there.  Mr.  Schuts  has  been  working  on  the  physical  and  meteorological 
aspects  of  the  generation  and  transport  of  Sahara  dust  for  several 
years  and  has  written  a  Master*8  thesis  and  is  finishing  his  Ph.D. 
thesis  in  this  area.  He  is  undoubtedly  one  of  the  world's  experts 
on  the  topic  of  generation  of  crustal  aerosol  and  its  long-range 
transport.  He  also  has  a  great  deal  of  experience  in  electron 
microscopy  of  desert  and  marine  aerosols.  It  was  agreed  that 
Mr.  Schuts's  research  at  U.R.I.  would  be  most  profitable  if  it  were 
divided  roughly  equally  between  analysis  of  aerosols  and  analysis 
of  sise-fractionated  soil  samples.  The  latter  is  a  conpletely  new 
field*  which  was  decided  upon  because  it  would  hopefully  explain 
why  the  crustal  component  of  the  world  background  aerosol  does  not 
more  closely  match  bulk  soils  in  its  composition*  a  recent  finding 
for  which  there  is  mounting  evidence  (Rahn*  1975s*  bi  Rahn*  1976a*  b). 
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When  we  decided  to  add  the  Fairbanks  site  to  the  ground- 
level  sanqpling  prograa*  Mr.  Schiitz  agreed  to  be  the  analyst  for 
these  samples •  whether  or  not  ONR  supiwrted  him  financially.  The 
analysis  of  the  soil  samples  was  seen  as  a  projaot  of  interest  to 
the  atmospheric  chemistry  community  as  a  whole  but  one  which  could 
not  be  supported  by  ONR. 

Then  came  the  finding  that  the  haze  aerosol  might  well 
be  from  Asian  deserts.  Mr.  Schutz's  visit  to  U.R.I.  suddenly 
took  on  a  much  more  interesting  dimension!  for  his  expertise  in 
desert  aerosols  could  be  used  to  great  advantage  in  this  project. 
Nearly  simxiltaneously!  it  was  also  being  arranged  that  he  should 
stay  at  U.R.I.  for  more  than  six  months*  hopefully  9-12  months,  so 
that  he  could  make  a  genuine  contribution  to  whatever  project  he 
worked  on.  It  is  now  very  clear  to  all  of  us  that  a  happier  marriage 
between  visiting  scientist  and  needy  project  could  hardly  be  aurranged. 
We  of  U.R.I.  have  offered  Mr.  Schiitz  a  flat  six  months*  salary  from 
whatever  grant  we  needed  to  take  iti  Prof.  Junge  has  added  a  pledge 
of  3-6  months'  additional  support  plus  travel  expenses,  and  so  it 
is  now  definite  that  Mr.  Schiitz  will  begin  his  visit  here 
1  January  1977  for  some  period  longer  than  six  months. 

We  propose  to  make  Mr.  Schiitz  an  intimate  part  of  this 
Alaska  project  while  he  is  here  and  that  he  essentially  devote  his 
full  effort  to  it.  We  are  requesting  six  months*  salary  for  him 
under  this  project,  which  together  with  the  oontribution  from 
Prof.  Junge  will  allow  his  full-time  participation.  We  ask  ONR  to 
take  the  long  view  and  recognize  that  Mr.  Schiitz *s  analysis  of 
size- fractionated  soil  samples  (all  of  vrtiich  he  will  fractionate 
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in  Mains  at  no  cost  to  ONR  bofore  ooning  to  U.R.I.)  nay  tiltiaatoly 
be  as  raluable  a  contribution  to  delineating  a  source  for  the  Arctic 
base  aerosol  as  his  analysis  of  the  ground-station  saaples  will  be« 
and»  in  fact,  will  open  up  a  whole  new  branch  of  research  into  soils 
versus  the  aerosol.  Mr.  Sohuts  will,  of  course,  assist  with  many 
other  aspects  of  oxar  Alaskan  haze  research,  and  we  expect  that  his 
contribution  to  the  overall  project  will  be  invaluable. 

Furthermore,  the  analysis  of  the  size- fractionated  soils 
shows  every  prospect  of  being  enthusiastically  received  by  the 
atmospheric  chemistry  community  as  a  whole.  For  example. 

Dr.  Jarvis  Moyers,  Director  of  the  Atmospheric  Analysis  Laboratory 
of  the  University  of  Arizona,  Tucson,  has  already  collected  a  desert 
soil  san^le  for  us  and  has  offered,  free  of  charge  to  this  contract, 
to  analyze  the  size  fractions  of  all  the  soil  saaQ>lea  by  atomic 
absorption  for  about  20  elements,  including  the  most  interesting 
Pb,  Cd,  Si,  Bi,  and  Tl,  which  would  normally  not  be  determinable 
by  neutron  activation  at  U.R.I.  We  expect  this  project  to 
(1)  provide  a  much  better  estimate  of  the  global  crustal  precursor 
to  the  aerosol  than  is  presently  available!  and  (2)  to  give  some 
much-needed  infcrmation  about  the  multi-elemental  composition  of 
various  soils,  including  various  deserts.  It  may  be  that  some 
element  or  combination  of  elements  will  turn  out  to  be  an  indicator 
of  each  desert.  (An  obvious  first  step  to  take  would  seem  to  be 
analysis  of  soil  from  the  Asian  deserts.  We  are  presently  trying 
to  obtain  a  soil  saaqple  from  either  the  Gobi  or  Takla  Makan  Desert.) 
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B,  GtnTal  plan  of  the  work 
1.  The  ground  stations 

The  two  ground  stations  In  Barrow  and  Fairbanks  will  both 
run  from  September  1976  to  at  least  September  1977*  As  described 
earlier,  each  will  have  two  pump-filter  setups,  one  for  trace  metals 
and  the  other  for  total  aerosol  and  organic  carbon.  The  station  at 
Fairbanks  will  run  continuously,  one  one  at  Barrow  will  have  wind 
control.  Filters  will  be  changed  at  each  site  on  command  from 
U.R.I.,  where  the  hemispheric  flow  sltua^'don  will  be  followed  from 
real-time  meteorological  maps  printed  several  times  daily  by  a 
standard  facsimile  machine.  Changing  of  filters  will  take  place 
every  few  days  when  the  air  mass  or  wind  system  changes.  Special 
attention  will  be  paid  to  flow  patterns  from  the  Asian  deserts  to 
Alaska  -  we  will  start  a  new  filter  each  time  that  such  air  should 
reach  Alaska  and  keep  the  filter  running  as  long  as  the  situation 
persists.  In  this  way  we  hope  to  get  the  best  possible  samples  of 
desert  ulr  over  Alaska. 

Filters  will  be  mailed  back  to  U.R.I.  and  analysed  in 
groups  of  5-10,  or  In  smaller  groups  as  the  situation  demands. 

Two  or  three  times  during  the  course  of  this  year  we  will 
take  hlgh-volume  cascade  impactor  samples  at  each  ground  site.  These 
will  give  information  about  the  haze  and  non- haze  aerosol  as  a 
fimction  of  particle  size,  which  should  allow  us  to  quite  accurately 
discriminate  between  crustal  material  (large  particles)  and  material 
from  other  sources  (smaller  particles).  These  Impactors  will  be 
made  for  us  In  U.R.I. *8  machine  shop  at  only  nominal  charge. 
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2,  Improved  aircraft  sampll: 


We  originally  shied  away  from  including  aircraft  sampling 
in  this  Renewal  Proposal  because  we  felt  that  in  order  to  improve 
our  sampling  significantly  over  the  Cessna  180  flights  already  made 
we  would  have  to  step  up  as  far  as  the  NCAR  ElectrSf  the  use  of 
which  is  much  too  big  an  undertaking  for  this  project,  We  then 
were  reminded  of  the  two  Super  DC-3's  at  MARL*  one  of  which  is 
reserved  for  scientific  work.  Mr.  Richard  Delafield,  aircraft 
operations  manager  of  NARL»  confirmed  that  he  would  indeed  be 
delighted  to  use  one  of  these  aircraft  for  our  purposes  and  that 
they  would  be  Ideally  suited  for  our  type  of  work. 

At  present  we  are  therefore  planning  a  second,  follow-up 
series  of  aircraft  samples  of  the  haze  layers  over  Barrow,  to  be 
taken  under  the  direction  of  Mr.  Randy  Borys,  who  directed  the 
first  successful  pilot  study  there.  This  study  would  take  place 
next  spring,  probably  in  April  again,  and  would  be  approximately 
one  month  in  duration.  As  before,  the  flight  would  incorporate 
particle  counts,  radiation  measurements,  and  aerosol  sampling,  and 
possibly  particle-size  distribution  determinations  during  the 
flight  by  a  Royco  counter  to  be  supplied  by  the  University  of  Alaska, 
Particle-size  distributions  may  also  be  determined  more  accurately 
for  mineral  and  non-mineral  fractions  of  the  aerosol  by  sampling 
on  Delbag  Microsorban  filters,  dissolving  in  toluene,  and  counting 
under  light  and/or  scanning  electron  microscopes.  Mr.  Schutz  has 
had  much  experience  with  this  technique.  Each  flight  would  be  up 
to  ten  hours  long  and  up  to  20,000  feet  in  elevation  depending  on 
where  the  haze  layer  was  found.  Six  aerosol  samples  would  be  taken 
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simultaneouslyi  two  high- volume  eaeoade  impaotors  (one  with  Whatman 
cellulose  filters  for  traoe-metal  determinations,  the  other  with 
glass-fiber  filters  for  total  aerosol  and  total  organic  carbon 
determinations),  two  high-volume  total  filters  (Whatman  and  glass- 
fiber),  as  well  as  the  low-volume  SSM  and  ice-nucleus  filters. 
Radiation  instruments  would  include  the  sun  photometer  and  possibly 
also  the  multi -spectral  hemispheric  flux  detector,  a  new  instrument 
of  Dr.  Shaw  which  seems  to  be  working  well  and  which  could  be 
mounted  in  a  hatch  of  the  Super  OC-3. 


3.  Meteorological  analyses 

Meteorological  analyses,  particularly  trajectory  analysis, 
will  form  an  ever  more  important  part  of  our  program.  As  mentioned 
above,  we  will  use  a  facsimile  machine  to  control  the  changing  of 
filters  for  the  ground-sampling  program.  In  addition,  we  will  make 
trajectory  analyses  for  the  flight  periods  of  April-May  1976  and 
those  anticipated  for  April-May  1977*  as  well  as  for  all  periods  of 
interest  during  the  ground  sampling.  To  do  this  we  will  place  a 
standing  order  with  the  National  Climatic  Records  Center  in  Asheville, 
North  Carolina,  for  microfilms  of  hemispheric  weather  maps  for  five 
levels  (surface,  850  mb,  700  mb,  500  mb  and  300  mb)  twice  daily 
for  the  year.  Using  these,  together  with  the  Arctic  trajectory 
techniques  learned  from  Dr.  Paul  Twitchell  of  ONR  Boston,  we  should 
be  able  to  fairly  well  document  the  souree(s)  of  aerosol  over  Alaska 
at  all  times  of  the  year.  We  will  also  look  into  the  possibility 
of  using  NASA  satellite  photographs  to  follow  dust  clouds  from  the 
Asian  deserts  northward  and  eastward,  as  has  been  done  successfully 
for  Sahara  dust  moving  westward  across  the  Atlantic  Ocean  to  the 
Caribbean. 
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Outllrw  of  work  plan 

The  oTarall  plan  of  the  work  for  this  one-year  project 
la  then  as  follows i 
October-Deceaber  1976 

Begin  analyses  of  Barrow  and  Fairbanks  ground-level  saaplest  Install 
facsimile  machine  at  U.R.I.  and  begin  control  of  sample  changing 
at  these  two  sites  from  U.R.I, t  Improve  trajectory  analysis  for 
aircraft  samples  of  Aprll-May  1976|  fractionate  soil  samples  (Mai  ns) t 
plan  and  order  sampling  equipment  for  spring  aircraft  sampling  Iri 
Alaska. 

January-March  1977 

Continue  analysis  of  Bsurrow  and  Fairbanks  samples t  begin  analysis 
of  fractionated  soil  samples  (Including  AA  work  at  University  of 
Arizona) I  assemble  and  test  equipment  for  spring  aircraft  saiq)llng 
in  Alaskat  trajectory  analysis  for  ground  samples  of  October- 
Oecember  1976. 

April- June  1977 

Continue  analysis  of  aerosol  and  soil  samples t  aircraft  sampling 
In  Barrow  using  Super  DC-3t  trajectory  analysis  for  January-March 
1977. 

Julv-September  1977 

Begin  analysis  of  aircraft  samples  and  radiation  data  of  Aprll-May 
1977 t  continue  analysis  of  aerosol  and  soil  samples i  trajectory 
analysis  for  April- June  1977i  close  down  ground  saiiq>llng  sites  at 
Barrow  and  Fairbanks. 


Two  well-equipped  chemistry  laboratories ,  one  in  the 
Horn  Building  at  the  Graduate  School  of  Oceanography  and  the  other 
in  the  Rhode  Island  Nuclear  Science  Center  (RINSC)  adjacent  to  the 
School  of  Oceanographyt  will  be  used  in  this  work.  A  new  $30«000 
Class  100  clean  laboratory  is  being  constructed  for  our  group  in 
the  RINSC  and  should  be  available  by  September  1976.  Also  available 
for  this  project  are  three  laminar- flow  clean  benches.  A  machine 
shop  is  located  on  the  main  campus. 

All  neutron  activation  analysis  will  be  performed  at  the 
RINSC.  The  RINSC  swimming  pool  reactor  operates  at  two  megawatts  and 
delivers  a  thermal  neutron  flux  of  approximate]^  4  x  10  n  cm"  sec 
at  the  irradiation  sites.  Counting  equipment  available  for  this  work 
includes  several  large  Ge(Li)  solid-state  detectors  and  associated 
electronics,  which  may  be  used  with  either  a  Nuclear  Data  Model  2200 
4096-channel  analyzer  or  a  Digital  Equipment  Corporation  PHA-11 
pulse-height  analysis  system.  Data  and  spectrum  reduction  on  these 
systems  can  either  be  done  via  magnetic  tape  output  with  subsequent 
use  of  the  IBM  360-60  computer  on  the  main  campus  or  directly  on 
the  FDP-1140  computer  which  is  part  of  the  PHA-11  system. 

Also  located  at  the  RINSC  is  a  complete  atomic  absorption 
analysis  laboratory,  including  three  Perkin-Elmer  instruments 
(Models  303,  360  and  503)>  HGA-2000  and  HGA-2100  heated  graphite 
atomizer  attachments  and  other  accessories. 

An  ice-nucleus  counter,  utilizing  Mllllpore  filtexrs  and 
the  forced-air  cooling  technique,  is  also  located  at  the  RINSC. 
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Th«  Oraduatt  School  of  Oceanography  has  a  Stereoscan  S4 
scanning  electron  microscope  (Cambridge  Scientific  instruments •  Ltd.) 
which  is  arailable  for  general  use.  It  features  two  CRT  displays » 
a  magnification  range  of  10-200t000x,  and  a  resolution  in  the 
secondary  election  imaging  mode  of  150A  at  30  kV.  In  addition,  the 
GSO  has  recently  acquired  a  JEOL  50-JXA  electron  microprobe  with 
3-wavelength  spectrometers  and  the  KRISEL  automation  package, 
including  a  PDP-il/05  16k  computer.  This  unit  will  have  70-A 
resolution  and  a  1  pm  beam. 

University  of  Alaska 

The  Geophysical  Institute  of  the  University  of  Alaska  is 
housed  in  the  eight-story  C.  T.  Elvey  Building  on  the  West  Ridge 
of  the  College  campus.  Available  facilities  here  include  machine 
shops,  welding,  carpentry,  painting,  staging  and  assembly,  electronics 
shop,  instrument  repair,  electron  microscope  laboratory,  optics  dark 
tunnel,  phctographlc  services,  drafting,  reports  production, 
programming  and  computing,  data  processing,  optics  laboratory, 
meteorology  laboratory  and  optics  test  laboratory. 

The  Geophysical  Institute  library  offers  a  comprehensive 
coverage  of  solar- terrestrial  physics,  meteorology  and  climatology, 
glaciology,  oceanography,  the  solid-earth  sciences,  and  environ¬ 
mental  studies.  The  archives,  adjacent  to  the  library,  include  a 
world-wide  collection  of  auroral  and  magnetic  records,  together 
with  a  more  selective  sampling  of  other  records  in  the  various 
geophysical  disciplines. 


-63. 


D.  Currtnt  Bupport  mnd  pending  appllotlona 
Dr.  K.  A.  Rahn 

At  the  tine  of  this  writing.  Or.  K.  A.  Rnhn  ie  supported 
as  a  Research  Associate  by  NSP  Grant  ATM75«23725,  "Ataospherio 
Chemistry  of  the  Halogens t  Natural  and  Anthropogenic",  for  the 
two-year  period  1  January  1976  to  31  December  1977.  He  is 
Co-Principal  Investigator  on  the  grant,  the  total  budget  for  which 
is  $90,36A.  Fifty  percent  of  his  salary  cones  fron  this  grant. 

The  other  50%  of  Dr.  Rahn's  salary  cones  fron  the  ONR  Arctic  base 
contract  for  which  renewal  is  being  sought  here.  Its  budget  for 
the  eight-month  period  1  February  1976  to  30  September  1976  is 
$28,222.  Dr.  G.  E.  Shaw  of  the  University  of  Alaska  is  the  other 
Co-Principal  Investigator. 


Dr.  G.  B.  Shaw 


Title 

Agency 

Period 

Amount 

P.I. 

Time 

Current  Suooort 

OPP73-05829-AOI  Studies  of  the 
Size  Distribution  of  the  Back- 

NSF 

09-01-73 

04-30-77 

$63t800 

7  aos 

ground  Aerosols  as  Detemlned 
from  Multispectral  Measurenents 
of  Atmospheric  Transparency 


P.O.  43434  Arctic  Hazei 

Natural  or  Pollution? 

ONR 

02-24-76 

06-30-76 

$  3.9^7 

3A  ao 

DAAD  07-76-M-5382  Atmospheric 
Aerosol  Collection  in  Interior 
Alaska 

Amy 

02-01-76 

01-31-77 

$  7.05^ 

3A  ao 

03.6-022-3515^  Radiation 
Studies  at  Mauna  Loa 

NOAA 

02.01-76 

01-31-77 

$18,485 

3  aos. 

03.6-022-3515^  Radiation 
Studies  at  Mauna  Loa 
Observatory 
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Radiation  Studios  at  Mauna  Loa  NOAA  1  year  $21,069 

Observatory 

Study  of  Non.Resonant  NSF  1  year  $41,599 

Scattered  Sunlight  at  Alaska 

Studies  of  the  Atmospheric  NSF  1  year  $32,446 

Radiation  Field  in  Antarctica 

Tropospheric  Investigations  NSF  1  year  $31,482 

in  Sub.Polar  Regions,  Part  II 

Studies  of  Atmospheric  NSF  1  year  $39 t 885 

Particulates  and  Atmospheric 

NO2 


The  proposed  budget  for  the  one.year  period  beginning 


1  October  1978  is  presented  in  Section  F.  Its  total  cost  is  $72,674, 
which  is  729S  higher  them  the  annual  equivalent  of  last  year*s 
eight.month  budget.  This  increase  comes  about  for  several  reasons 1 
increased  participation  by  Dr.  Rahn  and  Mr.  Borys  in  the  project, 
the  timely  addition  of  Dr.  Schiitz  to  the  program,  the  operation 
of  a  ground  program  and  aircraft  program  in  the  same  year,  as  well 
as  a  larger  program  of  meteorological  Interpretation  of  the  data. 

We  feel  strongly,  however,  that  these  increases  are  reasonable  ones 
and  quite  Justified  in  light  of  the  progress  that  this  project  has 
made  in  the  past  six  months.  In  February  1978»  we  knew  only  what  the 
literature  could  tell  us  about  Arctic  haze  layers 1  now  in  August 
1976,  we  have  a  proven  method  of  sampling  then,  know  what  their 
composition  was  in  Aprll.May  1978|  and  have  strong  suspicions  about 
their  source.  If  our  ideas  about  Asian  deserts  are  correct,  the 
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transport  of  large  masses  of  crustal  aerosol  f^^m  Asia  into  the 
Arctic  represents  a  major  hitherto-unknown  pht^.’^menon  of  some 
significance. 

Specific  comments  on  the  budget  follow. 

1,  Salaries 

We  are  requesting  six  months'  salary  each  for  Co-Principal 
Investigator  Dr.  Kenneth  A.  Rahn*  Research  Associate  Dr.  Lothar 
Schutz,  and  Research  Assistant  Mr.  Randolph  D.  Borys.  For  Dr.  Rahn 
and  Mr.  Borys  this  will  accurately  reflect  the  actuail  time  spent 
on  the  project  during  the  year-long  granting  period.  For  Dr.  Sc hut z 
one-third  to  one-half  of  his  salary  will  be  provided  by  the  Max  Planck 
Society  of  West  Germany*  even  though  he  will  work  on  the  project 
full-time.  The  remainder  of  both  Dr.  Rahn's  and  Mr.  Borys*  salaries 
will  be  paid  by  NSF  Grant  ATM75-23725t  "Atmospheric  Chemistry  of  the 
Halogens!  Natural  emd  Anthropogenic”*  a  two-year  grant  from 
1  January  1976  through  31  December  1977. 

Dr.  Rahn*  who  has  been  at  the  University  of  Rhode  Island 
since  November  1973»  will  be  responsible  for  U.R.I.'s  portion  of 
this  project.  Mr.  Borys*  who  is  a  meteorologist  with  extensive 
air-sampling  experience  in  remote  areas  and  who  designed  and  conducted 
the  successful  aircraft-sampling  phase  of  the  first  Arctic  haze 
project*  will  also  be  responsible  for  the  aircraft-sampling  phase 
of  this  project.  He  will  also  manage  all  equipment  for  the  ground¬ 
sampling  program*  perform  trajectory  analyses*  take  a  major  role  in 
guiding  the  changing  of  samples  at  the  ground  sites  in  Alaska  based 
on  the  developing  hemispheric  air- flow  patterns*  and  will  perform 
many  of  the  chemical  and  physical  analyses  of  the  samples.  We  are 
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p«rticularly  pleased  to  hare  Dr.  Lothar  Schuts  of  tho  Nax.pianek. 
Institut  fur  Chemie,  Mains,  West  Gemany,  join  us  on  the  project. 

Or.  Schuts  will  analyse  the  sise.fraetionated  soil  saaples,  possibly 
including  some  from  the  Asian  deserts,  and  the  aerosol  samples  from 
the  Fairbanks  ground  stations.  In  addition,  he  will  offer  important 
assistance  in  many  matters  having  to  do  with  long.range  transport 
of  desert  dust,  in  which  field  he  is  an  expert. 

Univei»sity  of  Alaska 

We  are  requesting  one  month's  salary  for  Co-Prineipal 
Investigator.  Dr.  Glenn  £.  Shaw.  The  remainder  of  his  salary  will 
be  paid  from  various  grants  (see  Current  Support  under  Biographical 
Information)  and  from  state  f\mds.  Dr.  Shaw  will  have  full  respon. 
sibility  for  the  University  of  Alaska's  part  in  this  program, 
including  the  maintenance  of  the  ground.sampling  station  near 
Fairbanks  and  the  radiation  measurements  during  the  field  program 
in  Barrow  next  spring. 

3.  Permanent  eouioment 

University  of  Rhode  Island 

Two  high. volume  cascade  lo^actors  will  be  needed  to  perform 
the  critical  determinations  of  mass  versus  particle  sise  for  the 
elements  in  the  aerosol  both  at  the  ground  stations  and  aloft.  At 
U.R.I.  we  have  successfully  used  the  Sierra.type  impactors,  but  as  a 
modified  version  built  in  our  own  shop  at  very  little  cost  compared 
to  the  commeroial  model,  which  presently  costs  about  $750  including 
base.  We  assume  that  our  shop  can  make  the  two  more  that  we  need  for 
this  project,  but  in  case  something  happens  we  have  budgeted  $1,500 
for  two  commercial  versions. 


Th«  high-volume  air  sampling  d\iring  the  aircraft  flights 
will  be  provided  by  Gelman  Hurricane  pumps.  Pour  will  be  needed 
simultaneously,  which  with  four  spares,  gives  eight  total  needed. 

We  have  three  from  the  previous  project  so  we  are  requesting  funds 
for  five  more. 

The  single  Rotron  high-volume  punqp  we  have  requested  is 
for  a  spare  for  the  ground-level  sampling,  needed  because  we  diverted 
the  original  spare  foreseen  for  Barrow  to  be  the  active  pump  at 
Fairbanks.  This  brand  of  pump  is  rugged  and  highly  reliable,  and 
we  do  not  anticipate  any  difficulty  with  its  operation  in  the  field. 
Nevertheless,  we  should  have  at  least  one  spare. 

The  four  inverters  of  1000  watts  capacity  apiece  are 
foreseen  for  use  in  the  aircraft  sampling  to  provide  power  to  one 
Hurricane  pump  apiece.  This  is  the  system  used  in  the  original 
flights  in  spring  1976,  which  worked  successfully.  The  four 
Hurricane  pumps  which  will  run  simultaneously  will,  therefore, 
require  four  inverters.  As  spares  we  will  use  the  two  left  from 
the  original  project. 

At  this  point  a  word  of  explanation  should  be  injected 
about  the  final  aircraft  sampling  system.  There  seem  to  be  two 
options  in  powering  the  pumps i  a  generator  or  batteries.  The 
generator  is  bulky,  very  noisy,  and  produces  much  dirty  exhaust, 
but  does  not  need  recharging  and  should  be  very  reliable.  Batteries 
are  neat  and  clean,  but  are  heavy  (we  may  need  as  many  as  30),  give 
off  acid  fumes  during  the  flight,  and  need  to  be  recharged  after 
each  flight.  Furthermore,  the  inverter  used  with  batteries  cannot 
accommodate  the  Gast-type  high-vacuum,  low-volume  pumps  that  we  would 
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like  to  U80  with  tho  Scanning  Electron  Microscope  and  ice-nucleus 
filters.  At  the  aoaent  we  have  not  decided  between  these  two 
systens.  Their  costs  are  about  the  sane,  however »  and  for  the 
purposes  of  this  proposal  we  describe  the  battery  systen.  Perhaps 
the  deciding  factor  will  be  whether  the  Super  OC-3  will  have  a  good 
vacuum  system  of  its  own  which  we  can  tap  intoi  if  this  happens, 
then  the  Cast  pumps  for  the  low-volume  samples  can  be  eliminated 
and  we  will  almost  certainly  choose  the  battery  system. 

We  hope  that  NARL  can  provide  four  50-amp  battery  chargers, 
which,  of  course,  would  only  be  necessary  with  the  battery  system. 

We  have,  however,  budgeted  for  the  worst  case. 

The  last  item  of  permanent  equipment,  a  shaker-sieve 
system  for  soil  fractionation,  is  part  of  our  long  view  toward  the 
Asian  deserts  and/or  arid  regions  in  general  as  sources  of  crustal 
aerosol  which  may  move  into  the  Arctic  atmosphere.  The  soil  samples 
which  Mr,  Schutz  will  analyze  as  part  of  this  project  will  all  be 
fractionated  at  his  laboratory  in  Mainz  because  we  have  no  equipment 
for  it  here.  We  are,  therefore,  requesting  this  relatively  modest 
sieve  system  which  will  allow  us  to  perform  whatever  additional 
fractionations  should  prove  necessary  during  and  after  his  stay  here. 

4,  Expendable  equipment  and  supplies 

We  have  budgeted  $2,000  for  equipping  the  Super  DC-3 
sampling  systemt  that  is,  intake  nozzles,  air  tubes  into  the  aircraft, 
etc.  This  amount  seems  reasonable  because  last  year's  equivalent 
for  the  Cessna  180,  a  much  smaller  system,  cost  $700.  It  was, 
however,  fabricated  by  an  outside  contractor  because  the  machine  shop 
of  U.R.I.  had  too  great  a  backlog  of  projects,  and  our  project  had 


to  move  fast.  This  year  we  are  hoping  to  have  enough  lead  time  to 
have  all  construction  done  at  our  own  shop#  in  which  case  we  only 
I)ay  for  material.  To  be  safe  though,  we  have  Included  the  $2,000 
worst-case  estimate. 

We  are  requesting  30  lead-acid  batteries  for  the  aircraft 
sampling,  even  though  we  have  ten  In  storage  at  NARL.  These  ten 
must  go  through  a  winter  there,  and  If  anything  happens  and  they 
freeze  they  will  be  ruined.  To  be  safe,  therefore,  we  are  assuming 
that  we  will  have  to  start  all  over  next  spring  with  new  batteries. 

Of  the  five  Gast  Model  0522  high- vacuum,  low- volume  pumps 
we  are  requesting  for  aircraft  and  ground-level  sampling,  three  are 
for  the  aircraft  and  two  for  the  ground  as  spcures.  If  the  Super  Dc:-3 
has  a  good  vacuum  system  that  we  can  use  for  the  low-volume  SEN  and 
Ice-nucleus  filters,  the  three  Gasts  will  not  be  needed  In  the 
aircraft.  If  only  one  spare  Is  taken  for  the  ground  stations,  this 
request  could  conceivably  be  cut  to  $200. 

5.  Travel 

The  total  of  $3*000  requested  for  the  spring  1977  field 
work  In  Barrow  Is  based  on  Mr.  Borys  there  full-time  and  Dr.  Rahn  for 
a  shorter  period  (he  was  unable  to  participate  In  last  spring's  air 
sampling  because  of  being  in  Germany),  and  three  round- trips  from 
Fairbanks  to  Barrow  for  Dr.  Shaw  and/or  others  of  the  University 
of  Alaska. 

The  request  of  $400  to  attend  a  SI£S  (Secretariat  for 
International  Ecology,  Sweden)  conference  (Gothenburg,  Sweden, 

18-20  October  1976)  on  Sahara  dust  and  Its  effects  Is  for  Dr.  Rahn, 
who  will  independently  be  attending  the  WMO  Technical  Conference  on 
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Atmospheric  Pollution  Measurement  Techniques  to  be  held  the  week 
before  in  Gothenburg.  Dr.  Rahn  was  Invited  to  attend  the  SIES 
conference  by  Prof.  C.  E.  Junge  of  Mainz  to  present  his  work  on 
Sahara  aerosol  and  soils,  done  at  Prof.  Junge 's  institute  in  Mainz. 

At  the  same  time,  however,  Dr.  Rahn  has  offered  to  present  the 
initial  results  of  the  Alaska  study  to  this  conference,  in  particular 
as  they  relate  to  Asian  deserts  as  a  possible  source  of  Arctic 
aerosol.  This  conference  will  assemble  the  world's  experts  on 
desert  dust  and  Its  transport  and  should  be  an  excellent  opportunity 
to  discuss  the  significance  of  our  Alaska  work  and  perhaps  to 
interest  others  in  the  chemistry  of  the  Arctic  aerosol.  On  this 
same  trip  Dr.  Rahn  is  planning  stops  in  Denmark  and  Norway  to  discuss 
this  work  with  researchers  there  who  are  also  concerned  with  the 
Arctic  aerosol,  particularly  the  group  of  Dr.  B.  Ottar  of  the 
Norwegian  Institute  for  Air  Research,  KJeller,  with  whom  Dr.  Rahn  has 
worked  in  the  past.  The  basic  transportation  costs  to  and  from 
Gothenbxirg  will  be  paid  by  NSFt  we  are  requesting  that  ONR  supplement 
this  for  the  extra  days  at  the  SIES  meeting  amd  for  the  visits  to 
Denmark  and  Norway. 

Finally,  we  are  requesting  $1,000  for  a  single  trip  to 
Alaska  from  Rhode  Island  for  Dr.  Rahn  to  close  down  the  ground-level 
sampling  program  there  next  September. 

7.  Other  costs 

Telephone  costs  between  Rhode  Island  and  Alaska  will  be  a 
major  expense  during  this  granting  period,  especially  because  we 
will  control  the  ground-level  filter-changing  from  Rhode  Island. 

At  present  we  can  use  the  AUTOVON  system  to  call  Dr.  Shaw  in  Fairbanks 
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and  NARLt  we  only  need  pay  for  the  time  to  Washington,  D.  c.  But 
the  calls  to  the  Barrow  GMCC  site  must  presently  be  made  coiq>letely 
commercially.  The  cost  of  two  10-minute  calls  to  the  GMCC  site 
weekly  for  one  year  works  out  to  $l(125i  we  are,  therefore,  requesting 
$1,500  for  telephone  for  the  year.  We  are  looking  into  the  possibility 
of  getting  an  FTS  identification  number  to  reduce  these  costs  to 
the  GMCC  site,  but  we  do  not  yet  know  if  this  will  be  possible. 

We  are  requesting  $2,500  for  the  rental  of  a  facsimile 
machine  to  provide  us  with  daily  meteorological  maps  with  which 
to  control  the  ground-level  sampling.  It  is  possible  that  the  Navy 
would  have  this  item  in  its  stock  somewhere  else  so  that  much  of 
this  cost  could  be  saved. 

Our  trajectory  analyses  will  require  daily  meteorological 
maps  from  five  levels  in  the  atmosphere  in  a  more  permanent  and 
comprehensive  form  than  comes  from  the  facsimile  machine.  We  are, 
therefore,  requesting  $1,000  for  these  maps  to  be  supplied  on  microfilm 
from  the  National  Climate  Records  Center,  Asheville,  North  Carolina. 

The  basic  charge  is  $66  per  month  ($792  per  year).  The  extra  $208 
requested  will  allow  us  to  obtain  extra  maps  for  special  situations. 

Cost  sharing 

Both  the  University  of  Alaska  and  the  University  of  Rhode 
Island  will  participate  in  the  financial  support  of  this  research. 
U.R.I.  will  underwrite  all  reactor  fees,  which  may  amount  to  several 
thousand  dollars,  and  will  also  underwrite  the  use  of  the  atomic 
absorption  laboratory.  Although  the  University  of  Alaska  does  not 
cost-share  per  se  with  ONR,  at  least  ^  of  Dr.  Shaw*s  salary  comes 
from  state  funds.  The  equipment  used  by  the  University  of  Alaska 


for  the  research  proposed  here  will  be  drawn  from  its  general 
Inventory •  at  no  cost  to  ONR.  Lastly*  the  salary  of  Dr.  Schuts 
will  come  approximately  one-half  from  the  Max  Planck  Society  of 
West  Germany. 


P.  Budget 


University  of 
Rhode  Island 

University  of 
Alaska 

FI  77 

WJ9 

Salaries 1 

Co-Principal  Investigator 
Or.  Kenneth  A.  Rahn* 
Research  Associate 

6  months  (50jC) 

$10,000 

Co-Principal  Investigator 

Dr.  Glenn  E.  Shaw, 

Associate  Professor 

1  month  (8)() 

Reserve  for  annual  leave  (12^) 

Holiday  and  sick  leave  (9,59^) 

$  3,205 

385 

304 

Research  Associate 

Or.  Lothar  Schiitz 

6  months  (509^) 

6,000 

Research  Assistant 

Mr.  Randolph  Borys 

6  months  (50%) 

6,000 

Secretary 

2  months  (16%) 

1,500 

TOTAL  SkLKRlES 

$23,500 

$  3,894 

(2)  Fringe  benefits  •  12^  of 
salaries 


$  46? 
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Unlv«r8ity  of  University 
Rhode  Island  Alaska 


(3)  Permanent  equipments 


Sierra  high- volume  cascade 
impactors  with  bases  (2) 

$  1,700 

Hurricane  high- volume  vacuum 
pumps  for  aircraft 
sampling  (5) 

625 

Rotron  high-volume  vacuum 
pumps  for  ground-level  air 
sampling  (1  spare) 

375 

Inverters,  1000  watts  (4) 

2,000 

Battery  chargers,  50  amp  (4) 

2,000 

Shaker,  6  sieves,  for  soil 
frac  tionations 

550 

TOTAL  PERMANENT 

EQUIPMENT 

$  7.250 

(4)  Expendable  equipment  and 
supplies I 

Chemicals,  glassware,  field  $  1,500 
supplies,  etc. 

Miscellaneous 


Miscellaneous  aircraft-  2,000 

sampling  equipment  and 

supplies 

Lead-acid  batteries  (30) 

for  aircraft  sampling  2,000 

Cast  0522  high- vacuum  1,000 

pumps  (5)  for  aircraft 

and  ground  sampling  ■  .  _ 

TOTAL  EXPENDABLE  $  6,500 

EQUIPMENT 


$  300 


$  300 


of 
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Uni  versity  of 
Rhode  Island 


(5)  Travel! 

Field  work  in  Barrow  $  2,500 

(April-May  1977) 

SIES  Gothenburg  conference  400 

on  Sahara  dust,  associated 
visits  to  Denmark  and 
Norway  (October  1976) 

Attend  2  conferences  in  1,600 

U.S.,  2  people  each 

conference 

Trips  to  Ester  Dome  near 
Fairbanks  to  change 
ground-level  samples 


Close  down  ground- sampling  1,000 

in  Alaska  (September  1977)  _ 

TOTAL  TRAVEL  $  5i500 

(6)  Publications  $  500 

(7)  Other  costs t 

Computer  5  hrs.  CPU  $  750 

Maintenance  of  sampling  and  1,000 

analytical  equipment 

Postage  ( Barrow-R . I . )  200 

Freight  (Alaska-R.I.)  1,500 

Telephone  (Alaska-R.I.)  1*500 

Scanning  electron  microscope  2$0 

Electron  microprobe  250 

Rental  of  facsimile  machine  2,500 

(1  year) 

Meteorological  maps  on  micro-  1,000 

filB- . 

TOTAL  OTHER  COSTS  $  8,950 

$52,200 


University  of 
Alaska 


$  500 


125 


$  625 

$  250 


$  5,536 


TOTAL  DIRECT  COSTS 
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(8)  Indlrttct  costs I 

OYsrhesd  and  fringe 
*  559^  of  salaries 

Overhead  •  51*7%  of 
salaries 

TOTAL  COSTS 

GRAND  TOTAL 


University  of  University  of 
Rhode  Island  Alaska 


$12,925 

$  2,013 

$65,125  $  7,5^9 

t72.67‘^ 


WAIIEi  Kenn«th  A.  Rahn 


nfonaation 


-Principal  Investigator 


EDUCATION t  B.S.  Massachusetts  Institute  of  Technology*  19^2 

(Chemistry) 

Ph.D.  University  of  Michigan*  1971  (Meteorology) 


PROFESSIONAL 

EXPERIENCE! 


1976  -  Present 
1975  -  1976 
1973  -  1975 
1971  -  1973 
1968  -  1971 

1970  -  summer 

1963  -  1968 


Research  Associate*  Graduate  School  of  Oceanography 
University  of  Rhode  Island 
Invited  Visiting  Scientist 

Max -Planck -Insti tut  fur  Chemle*  Mains*  West  Germany 
Research  Associate*  Graduate  School  of  Oceanography 
University  of  Rhode  Island 

Research  Associate*  Institute  for  Nuclear  Science 
Unlversi'ty  of  Ghent*  Belgium 
Graduate  Assistant*  University  of  Michigan 
Ann  Arbor*  Michigan 

Lawrence  Radiation  Laboratory*  Livermore*  California 
Science  and  Mathematics  Teacher 
Classical  High  School  and  Barrington  College 
Providence*  Rhode  Island 


PROFESSIONAL 

SOCIETY 

MEMBERSHIPS *  American  Chemical  Society 


RECENT 

PUBLICATIONS! 


Dams*  R.*  J.A.  Robbins,  K.A.  Rahn*  and  J.W.  Winchester*  "Non¬ 
destructive  neutron  activation  analysis  of  air  pollution 
particulates"*  Anal.  Chem. *  42,  861  (1970). 

Harrison*  P.R.*  K.A.  Rahn*  R.  Dams*  J.A.  Robbins*  J.w.  Winchester* 

S.S.  Brar*  and  D.M.  Nelson*  "Areawide  trace  metal  concentrations 
in  Northwest  Indiana  as  determined  by  multielement  neutron 
activation  analysis!  a  one-day  study"*  J.  Air  Poll.  Cent. 

Assoc.*  21,  563  (1971).  ” 

Rahn*  K.A.*  R.  Dams*  J.A.  Robbins*  and  J.W.  Winchester*  "Diurnal 

variations  of  aerosol  trace  element  concentrations  as  determined 
by  nondestructive  neutron  activation  analysis"*  Atm.  Env. ■ 
i*  413  (1971).  - 

Dams*  R.*  K.A.  Rahn*  G.D.  Nifong*  J.A.  Robbins*  and  J.W.  Winchester* 
"Nondestructive  multielement  analysis  of  air  pollution 
particulates"*  Isotopes  and  Radiation  Technology.  2*  54  (I971), 


Rahn»  K.A.»  J.J.  Wssolowski,  w,  John,  and  H.R.  Ralston,  "Ditimal 
variations  of  aerosol  trace  elenent  concentrations  in 
Livermore,  California*.  J.  Air  Poll.  Cont.  Assoc..  21.  406 
(1971).  - - -  -  ■“ 

Dams,  R.,  J.A.  Robbins,  K.A.  Rahn,  and  J.W.  Winchester,  "Quantitative 
relationships  among  trace  elements  over  industrialized 
Northwest  Indiana",  Nucleyr  Techniques  in  Bnviroruiiental 
Pollution.  International  Atomic  Energy  X^ncy,  Vienna  (1971). 

Dams,  R.,  K.A.  Rahn,  and  J.W.  Winchester,  "Svaluation  of  filter 
materials  and  impaction  surfaces  for  nondestructive  neutron 
activation  analysis  of  aerosols".  £nv.  Sci.  Technol..  6.  44l 
(1972).  -  “ 

John,  w.,  R.  Kalfer,  K.  Rahn,  and  J.J.  Wesolowski,  "Trace  element 
concentrations  in  aerosols  from  the  San  Firancisco  Bay  area", 

Env. ,  2»  107  (1973). 

Rahn,  K.,  M.  Demuynck,  R.  Dams,  and  J.  DeGraeve,  "The  chemical 

composition  of  the  aerosol  over  Belgium",  Proceedings  of  the 
Third  International  Clean  Air  Congress,  Dusseldorf,  Germany, 
C81-C84,  VDI«Ver lag  GmbH,  Diisseldorf,  West  Germany  (1973). 

Helndryckx,  R.,  M.  Demuynck,  R.  Dams,  M.  Janssens,  and  K.A.  Rahn, 
"Mercury  and  cadmium  in  Belgian  aerosols,"  Colloquium  on  the 
Problems  of  the  Contamination  of  Man  and  His  Environment  by 
Mercury  and  Cadmium,  Luxembourg,  July  1973t  Sponsored  by  the 
Commission  of  the  European  Communities,  Directorate  Health 
Protection. 


Rahn,  K.A.,  G.  Beke,  and  G.  windels,  "An  automatic  filter  changer 
for  collection  of  short-period  high-volume  aerosol  sanmles". 

Atm,  Env.,  8,  635  (1974). 

Rahn,  K.A.,  R.  D.  Borys,  and  R.A.  Duce,  "The  University  of  Rhode 
Island's  air  sampling  program  in  the  Northwest  Territories", 
Report  of  Polar  Meteorology  Workshop,  Reno,  Nevada,  1975. 

Desert  Research  Institute  Laboratory  of  Atmospheric  Physics, 
Technical  Report,  Series  P  (Physical  Sciences)  No.  18, 

PP.  85-87,  (1975) 

Harrison,  P.R.,  K.A.  Rahn,  R.  Dams,  J.A.  Robbins,  and  J.W.  Winchester, 
"Areawide  trace  metal  distributions  in  northwest  Indiana 
aerosols",  in  Trace  Contaminants  in  the  Environment.  American 
Institute  of  Chemical  Engineers  Symposium  Series  No.  14-9, 
pp.  19-25i  Andre  P.  LeRoy,  Ed.,  1975. 

Rahn,  K.A.  "Chemical  composition  of  the  atmospheric  aerosoli  a 
compilation  Z " ,  Extern.  4,  286-313  (1975). 

Rahn,  K.A.  "Chemical  composition  of  the  atmospheric  aerosoli  a 
compilation  II",  Extern.  4,  639-667  (1975). 
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Rahnt  K.A.i  and  P.R.  Harrlsont  "The  chemical  compoaltion  of  Chicago 
street  dust" ,  in  Atmosphere-Svurface  Exchange  of  Particulate 
and  Gaseous  Pollutants  (197^)*  Symposium  Proceedings*  CONF- 
740921,  NTIS,  U.  S.  Dept,  cf  Commerce*  Springfield*  Va.  22161* 
PP.  557-570*  (January  1976). 

Oemuynck*  M. ,  K.A.  Rahn,  M.  Janssens*  and  R,  Dams*  "Chemical 

analysis  of  airborne  i>articulate  matter  during  a  period  of 
unusually  high  pollution",  Atmos .  Env. *  10,  21-26  (1976). 

Rahn,  K.A.*  R.D.  Borys*  and  R.A.  Duce,  "Tropospheric  halogen 

gases I  Inorganic  and  organic  components".  Science,  192,  549- 

550  (1976). 

Rahn,  K.A,*  "Silicon  and  aluminum  in  atmospheric  aerosolst  crust- 
air  fractionation?",  Atmos.  Env. .  10.  597-601  (1976). 

Rahn*  K.A.*  "Systematic  chemical  differences  between  the 

atmospheric  aerosol  and  its  deposition",  Jahreskongress  1975 
der  Gesellschaft  fur  Aerosolforschung  e.V. ,  Is-l?.  October 
Bad  Soden  (Hr.*  west  Germany),  53-56  (1976). 

Rahn*  K.A,*  "The  chemical  composition  of  the  atmospheric  aerosol"* 
University  of  Rhode  Island  Technical  Report  (in  preparation). 

Rahn*  K.A.*  R.D.  Borys*  and  R.A.  Duce*  "Determination  of  inorganic 
and  organic  components  of  gaseous  chlorine*  bromine*  and  iodine 
in  the  atmosphere",  to  be  presented  at  the  WMO  Technical 
Conference  on  Atmospheric  Pollution  Measurement  Techniques* 
Gothenburg*  Sweden*  11-15  October  1976. 

Rahn*  K.A.*  L.  Schuts*  and  R.  Jaenicke*  "The  crustal  component  of 
background  aerosols 1  its  Importance  in  interpreting  heavy 
metal  data",  to  be  presented  at  the  WMO  Technical  Conference 
on  Atmospheric  Pollution  Measurement  Techniques*  Gothenburg* 
Sweden*  11-15  October  1976. 
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Co-Prlnclpal  Invetlgator 
HAMEi  Glenn  E.  Shaw 

EDUCATION!  B.S.  Montana  State  University,  1963 

M.S.  University  of  Southern  California,  1965 
Ph,D,  University  of  Arisona,  1971 

PROFESSIONAL 

EXPERIENCE! 


July  197^  -  Present 
May  1971  -  July  197^ 
1968  -1971 

1965  -  1968 

1965  -  1967 

Summer  1962 

1962  -  1963 
1957  -  1959 


Associate  Professor  of  Geophysics 
Geophysical  Institute,  University  of  Alaska 
Assistant  Professor  of  Geophysics 
Geophysical  Institute,  University  of  Alaska 
Research  Associate,  University  of  Arizona 
Studies  Involving  radiative  transfer  through 
the  atmosphere 

Research  Assistant,  University  of  Arizona 
Physics  of  lightning  and  atmospheric 
electricity  research 
Hughes  Fellow,  Hughes  Aircraft  Company, 

Electron  Dynamics  Division,  Inglewood,  California 
Electron  dynamics  in  microwave  devices 
Research  Associate,  Argonne  Laboratories, 

EBR  II,  Idaho  Falls,  Idaho 

Nuclear  reactor  technology 

Engineering  Associate,  Engineering  Research 

Laboratory,  Bozeman,  Montana 

Development  of  electronics 

Electronics  Technician,  U.  S.  Navy 


PROFESSIONAL 

ORGANIZATIONS !  American  Association  for  the  Advancement  of  Science 
American  Geophysical  Union 
American  Meteorological  Society 
Royal  Meteorological  Society 

RECENT 

PUBLICATIONS! 

Published  Articles 


Shaw,  G.E.  Cosmic  count  increase  associated  with  thunderstorms, 
J,  Geoptos .  Res. «  72.  4623,  1967. 

Shaw,  G.E.  Astrophotography  with  a  short- focus  lens.  Sky  and 
Telescope.  ^3,  No,  0,  394-395#  June  I967. 

Shaw,  G.E.  Using  a  surplus  aero-ektar.  The  Review  of  Popular 
Astronomy,  p.  24,  June  1967. 

Shaw,  G.E.  Lightning  current  measursMnts  collected  at  Mount 
Lemmon,  Arizona,  J.  Geophys .  Res.,  2^,  No.  12,  2159-2164, 
April  1970.  " 
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Shaw,  a.B,  and  G.  Wendlar*  Ataospharie  turbidity  naaauraMnta  at 
MeCall  Glaciar  in  northern  Alaska*  Proceediya  of  the 
Ataoeoheric  Radiation  Conference*  Port  CoIHm*  i/olorado* 

August  7-9 • 

Shaw*  G.S.*  J.A.  Reagan  and  B.M,  Heraan*  Investigations  of 

ataospherio  extinction  using  direot  solar  radiation  aeasureaents 
aade  with  a  aultiole  wavelength  radioaeter.  J.  of  Aoolied 
Meteorology.  12*  37^.  1973.  ” 

Shaw*  G.£,  Observations  and  theoretical  reccnstruction  cf  the 
green  flash*  Pure  and  Applied  Gecphysice .  102.  223*  1973. 

Shaw*  G.E,  and  K.A.  Neiland,  Electrccution  cf  a  caribou  herd 
caused  by  lightning  in  central  Alaska.  The  Journal  of 
Wildlife  Disease.  5*  311#  1973. 

Shaw*  G.E.*  R.L.  Peck  and  G.R,  Allen*  A  filter-wheel  solar  radio¬ 
meter  for  atmospheric  studies*  Rev.  Sci.  Instrum. .  44.  12* 
December  1973. 

Shaw*  G.E.  The  vertical  distributicn  cf  atacspheric  aerosols  at 
Barrow*  Alaska*  Tellus.  ^(1)*  39-50*  1975. 

Weller*  G.*  S.A.  Bowling*  B.  Holmgren*  K.  Jayaweera*  T.  Ohtake 

and  G.  Shaw*  The  radiation  matrix  in  the  Arctic*  Proceedings 
of  Climate  of  the  Arctic*  24th  Alaska  Science  Confennce* 

XAaS  *  Geophysical  Insiliute  Publication*  1975. 

Shaw*  G.E.  Sky  brightness  and  polarisation  during  the  1973  African 
eclipse*  Applied  Optics.  14.  388-394,  February  1975. 

Shaw*  G.E.  An  intercoinparison  of  equatorial  and  polar  aulti- 
wavelen^h  atmospheric  optical  depths  and  sky  radiance* 
Proceeding^ Tropical  Meteorological 

Russell*  P.B.  and  G.E.  Shaw,  Comments  on  "The  Precision  and  Accuracy 
of  Vols  Sunphotometry" ,  J.  Applied  Meteorology.  14,  1206-1209* 
September  1975.  ~ 

Shaw*  G.E.  and  C.S.  Deehr*  A  photoelectric  ooronameter  for 
atmospheric  turbidity  studies*  J.  Applied  Meteorology. 

14(6)*  1203-1205*  September  1973. 

Shaw*  G.E.  and  R.D.  Hunsuoker*  A  study  of  possible  oorz^lation 
between  fairweather  electric  field  and  auroral  activity*  to 
be  published  in  Conference  Proceedings  of  the  Fifth  Inter¬ 
national  Conference  on  Atmospheric  Electricity*  Garaisch 
Parten  Kirehen*  w.  German*  September  2-7*  1974. 

Holmgren*  B.*  G.E.  Shaw  and  G.  Weller*  Turbidity  in  the  Arctic 

atmcsphere*  AIDJBX  Bulletin*  No.  27*  135-148*  November  1974. 
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Shaw,  G.S,  9h«  polar  aaroaol-ollaatie  imjlioationst  Raport  of 

Workshop  on  Polar  Mstsorologyt  Rsno.  Novadat  1975 •  Published 
Desert  Research  Institute t  Labor  itory  of  Atnospherie 
Sciences,  Technical  Report  18,  9^9),  1976. 

Shaw,  O.E.  The  central  antarctic  aerosol^clinatio  iapUcations, 
Antarctic  Journal  gf  the  United  Stases.  X(4),  JiOy  1975. 

Shaw,  G.E.  Observations  of  two  stratosph iric  dust  events, 

Applied  Meteorology.  j^(8),  1614^1620,  Decenber  1975. 

Shaw,  G.E.  Error  analysis  of  multi-wavelength  sunphotometry. 

Pure  and  Applied  Geophysics .  114.  1,  14,  February  197®. 

Shaw,  G.E.  Solar  spectral  irradiancei  the  role  of  earth-based 

measurements,  in  Proceedings  of  the  SoImt  Constant  Workshop. 
California  Institute  of  Tectoology,  l^ig  Bear  Solar  bbservaxory 
Publication,  210-231,  May  1975. 

Shaw,  G.E.  Possible  climatic  consequences  of  the  aerosol  layer 

-over  the  central  Antarctic  ice  sheet,  submitted  to  J.  Applied 
Meteorology.  October  1975.  ” 

Shaw,  G.E,  Properties  of  the  backgrouxid  aerosols  and  their  effects 
on  climate,  accepted  for  publication  in  Science.  May  1976. 

Shaw,  G.E.  Size  distribution  of  background  aerosols  determined  from 
multispectral  measurements  of  atmospheric  transparency, 
Antarctic  Journal  of  -Mie  United  States.  X(5},  September  1975. 

Kienle,  J.  and  G.E.  Shaw,  Satellite  imagery  of  the  Augustine  volcano 
eruption,  submitted  to  Nature.  May  1976. 

Meinel,  A.B.,  M.P.  Meinel  and  G.E.  Shaw,  Trajectory  of  the  Mt.  St. 
Augustine  1976  eruption  ash  cloud,  submitted  to  Science. 

May  1976.  - 

Shaw,  G.E.  Nitrogen  dioxide-optical  absorption  in  the  visible, 
submitted  to  J.  Geophys.  Res. ,  December  1975. 

Papers  Presented  at  Scientific  Conferences 

Shaw,  G.E.  and  G.  Weller,  Airborne  optical  measurements  of 
atmospheric  aerosols  near  Barrow,  Alaska.  Presented  at 
annual  meeting.  Pacific  Northwest  Regional  Section,  American 
Geophysical  Union,  Vancouver,  B.C.,  Canada,  October  16-19,  1972. 

Shaw,  G.E.  Background  aerosol  sise  distribution  at  Mount  Montesuma, 
Chile.  Presented  at  annual  meeting.  Pacific  Northwest  Regional 
Section,  American  Geophysical  Union,  Missoula,  Montana, 

October  18-19*  1973. 
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Shaw,  G.E.  and  C.S.  Deehr,  Maasuranents  of  absolute  sky  brightness 
near  the  sun  and  their  relation  to  atmospheric  aerosols. 
Presented  at  the  annual  fall  meeting*  American  Geophysical 
Union*  San  Francisco*  California*  December  10-14*  1973. 

Shaw,  G.S.  Solar  spectral  irradiance*  the  role  of  earth-based 
measurements.  Presented  at  the  Cal -Tech  Solar  Constant 
Workshop  at  Big  Bear  Solar  Obsez^tory*  May  19-21*  1975. 

Shaw*  G.S.  Climatic  influence  of  the  aerosol  above  the  central 
Antarctic  ice  sheet.  Presented  at  lUGG  Assembly*  Grenoble* 
France*  August  1975> 

Shaw*  G.S.  Soleu:  radiation  research  being  carried  out  at  the 

Mauna  Loa  Observatory.  Presented  at  the  conference  on  Global 
Monitoring  for  Climatic  Change  sponsored  by  the  U.S.  National 
Oceajiic  and  Atmospheric  Administration*  Boulder*  Colorado* 
February  1976. 

Reports 

Weller*  G.*  S.  Bowling*  K.  Jayaweera*  T.  Ohtake*  S.  Parker* 

G.  Shaw  and  G.  Wendler*  Studies  of  the  solar  and  terrestrial 
radiation  fluxes  over  Arctic  pack  ice*  ONR  Contract  N00014- 
71-A-0364-001. 

Shaw,  G.  and  C.S.  Deehr*  Relations  between  circumsolar  sky 

radiation  and  atmospheric  aerosols.  Snvironmental  Protection 
Agency  Scientific  Report*  Research  Triangle  Park*  North 
Carolina*  EPA  Report  650/4-75-012*  101  pp.*  June  1974. 

Shaw*  G.E.  Radiative  properties  of  atmospheric  aerosols  at 

Mauna  Loa  Observatory*  Geophysical  Institute*  University  of 
Alaska  Report  UAG  R-238*  55  pp. *  June  1975. 

Viezee*  W.*  W.F.  Dabberdt  and  G.E.  Shaw*  Lidar  studies  of  the 
urban  atmosphere  in  Fairbanks*  Alaska*  Alaska*  SRI  Project 
Report  3061*  45  pp.*  June  1975. 


Shaw*  G.E.  Non-resonant  scattered  sunlight  at  twilight  in  Alaska. 
Geophysical  Institute*  University  of  Alaska  Report  UAG  R-244* 
51  pp. *  February  1976, 


R»8earch  Associate 

WAMEi  Lothar  Willibald  Schiitz 

BDUCATIOW t  M.S.  University  of  Mainz  (West  Gennany),  1971 

(Meteorology) 

Ph.D.  University  of  Mainz  (West  Germany),  anticipated 
late  1976  (Meteorology) 

PROFESSIONAL 

EXPERIENCE! 

Max-Planck-Institut  fur  Chemle  (Otto-Hahn-Instltut) 

Department  of  Air  Chemistry,  Saarstr.  23,  D-6500  MAINZ 

197^  -  Present  Research  Assistant 

1908  -  197^  Graduate  student  \inder  Professor  Dr,  C.  Junge 

PROFESSIONAL 

SOCIETY 

MEMBERSHIPS!  Deutsche  Meteorologische  Gesellschaft 

Deutsche  Gesellschaft  fur  £lektronen*Mikro8kopie 

PUBLICATIONS! 

Schiitz,  L.  Messung  der  Gro8enverteilung  von  luftgetragenem  Staub 
und  Bodenmaterial  in  der  Llbyschen  Sahara.  Master  Thesis, 
University  of  Main-'  1971, 

Schiitz,  L.  Gro^enverteilung  Im  Aerosol  und  in  Sanden  der  Sahara. 
Arbeitstagung  Schwefelstofftechnlk,  pp.  92-93  (1971) • 

Schiitz,  L.  Transport  und  Vertell\mg  von  Sahara-Staub  uber  dem 

Atlantlk.  Aerosole  in  Naturwis sense haft,  Medlzin  und  Technik 
(1974). 

Schiitz,  L.,  Jaenicke,  R.  Paurticle  Number  and  Mass  Distribution 

above  10**''  cm  Radius  in  Sand  and  Aerosol  of  the  Saharan  Desert 
J.  Appl.  Met.  12(8),  pp.  863-870,  (1974). 

Schiitz,  L.  Analysis  of  Atmospheric  Aerosol  Particles  by  SEM.  To  be 
submitted  to  'Beitrage  elektronenmlkroskop.  Direktabb,  Oberfl. 

8,  (1976). 

Jaenioke,  R.,  Schiitz,  L.  A  comprehensive  study  of  physical  and 

chemical  properties  of  the  surface  aerosols  in  the  Cape  Verde 
Islands  region,  in  preparation. 

Schiitz,  L.  Die  Saharastaub-Komponente  des  maritlmen  Aerosols  uber 
dem  subtropischen  Nord-Atlantlk.  Ph.D.  Thesis,  1976,  (in 
preparation) . 


-84- 

Reaearch  Aselstant 

NAMBt  Randolph  D.  Borya 

EDUCATlONi  B.S.  Univaraity  of  Michigan*  1971  (Meteorology  and 

Oceanography) 

M.S.  Univeralty  of  Michigan*  1971  (Meteorology) 

PROFESSIONAL 

EXPERIENCE! 

1975  -  Preaent  Reaearch  Aaaiatcmt*  Graduate  School  of  Oceanography* 
Univeraity  of  Rhode  laland 

1972  -  1975  Reaearch  Technician*  Graduate  School  of  Oceanography 
University  of  Rhode  laland 

1971  ^  1972  Oceanographic  Technician*  Wooda  Hole  Oceanographic 
Inatltution*  Wooda  Hole*  Maasachusetta 

1969  •  1971  Oceanographic  and  Meteorological  Technician* 

Department  of  Meteorology*  University  of  Michigan* 
Ann  Arbor*  Michigan 

1968  -  1969  Chemical  Technician*  Department  of  Meteorology  and 
Oceanography*  University  of  Michigan* 

Ann  Arbor*  Michigan 

PROFESSIONAL 

SOCIETY 

MEMBERSHIPS!  American  Meteorological  Society 

RECENT 

PUBLICATIONS! 

Borya*  R.D.  "The  general  atmospheric  circulation  of  the  Cretaceous! 
paleo-wlnds  of  the  northern  hemisphere"*  Oceanography  Field 
Practicum.  University  of  Michigan*  52  (19';^i;, 

Rahn*  K,A.*  R.D,  Borys*  and  R.A.  Duce*  "The  University  of  Rhode 
Isl8md*s  air-sampling  program  in  the  Northwest  Territories"* 
Report  of  Polar  Meteorology  Workshop*  Reno*  Nevada*  1975. 

Desert  Research  Institute  Laboratory  of  Atrospheric  Physics* 
Technical  Report*  Series  P  (Physical  Sciences)*  No.  18*  pp.  85- 
87  (1975). 

Rahn*  K.A.*  R.D.  Borya,  and  R.A.  Duce*  "Tropospheric  halogen  gasesi 
inorgcmic  and  organic  components"*  Science.  192,  549-550  (1976) 

Borys*  R.D.  "Tropospheric  vapor  phase  lead"*  (in  preparation), 

Rahn*  K.A.*  R.D.  Borys*  and  R.A.  Duce*  "Determination  of  Inor^mic 
and  organic  cosp9nen':s  of  gaseous  chlorine*  bromine*  and  iodine 
in  the  atmosphere"*  to  be  presented  at  the  WMO  Technical 
Conference  on  Atmospheric  Pollution  Measurement  Techniques, 
Gothenburg*  Sweden*  October  11-15*  1976. 


-85- 


III.  References 


Holmgren,  B.,  G.  Shaw  and  G.  Weller.  (197^)  Turbidity  in  the 
Arctic  atmosphere.  AIDJBX  Bulletin  27.  135-1^. 

Jackson,  M.L. ,  D.A.  Gillette,  E.F.  Danielsen,  I.H.  Blifford, 

R.A.  Bxyson  and  J.K.  Syers.  {1973)  Global  dustfall  during 
the  Quaternary  as  related  to  environments.  Soil  Sci.  Il6. 
135-145. 

Mitchell,  M.  (1956)  Visual  range  in  the  polar  regions  with 

particular  reference  to  the  Alaskan  Arctic.  J.  Atmos.  Terr. 
Phys. .  Special  Supplement,  195-211. 

Rahn,  K.A.  (1976)  A  study  of  the  aerosol  of  northern  Norway, 

(to  be  published). 

Rahn,  K.A«,  L.  Schuts,  and  R.  Jaenicke.  (1976)  Elemental  com¬ 
position  of  Sahara  aerosol  and  Sahara  soil,  (to  be  published). 

Shaw,  G.E.  (1975)  The  vertical  distribution  of  tropospheric 
aerosols  at  Barrow,  Alaska.  Tellus,  39-49. 


